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MEMORANDUM  OF  THE  CHAIRMAN 


To  Memhers  and  Ex  Oiflcio  Memhers  of  the  National  Fuels  and 
Energy  Policy  Study  {S.  Res.  4S,  92d  Congress),  Committee  on 
Interior  and  Insvlar  Affairs : 

Diirintj  1974  and  1975  a  major  question  before  the  Conerress  con- 
corned  the  price  which  should  be  charged  tlie  U.S.  economy  for 
domestically-produced  crude  oil.  As  a  leader  in  the  production  of 
crude  oil  in  the  world,  the  United  States  has  maintained  a  series  of 
policies  with  respect  to  domestic  oil  prices  over  the  years.  The  fourfold 
increase  in  the  world  oil  prices  between  1973  and  1975  tri^jrered  a 
renewed  and  often  acrimonious  debate  on  oil  price  policy  in  the 
United  States. 

One  of  the  important  features  of  this  debate  has  been  the  issue  of 
the  actual  cost  to  the  oil  producei-s  of  producing-  oil  from  existino; 
reserves  and  the  cost  of  findin<r,  developing  and  prcKlucing  oil  from 
new  sources  of  supply. 

To  clarify  this  question  I  therefore  asked  the  staff  of  the  Senate 
Committee  on  Interior  and  Insular  Affairs  to  work  with  appropriate 
personnel  in  the  Congressional  Research  Service  to  assemble  the  most 
authoritative  recent  studies  and  analyses  of  these  costs. 

The  compilation  of  documents  and  views  which  follows  is  the  result 
of  the  efforts  of  the  committee's  economic  consultant.  Professor  Arlon 
E.  Tussing  of  the  University  of  Alaska,  and  Dr.  Benjamin  S.  Cooper 
of  the  committee's  professional  staff,  with  the  assistance  of  Henry 
Canaday  of  the  Economics  Division  of  the  Congressional  Research 
Service.  Because  the  issues  discussed  deserve  a  wider  audience  and  the 
analysis  presented  clearly  demonstrates  the  need  for  further  work  on 
this  important  subject.  I  have  asked  that  this  material  be  made  avail- 
able in  the  form  of  a  Committee  Print. 

Henry  ^I.  Jacksox,  Chairman. 
(m) 
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INTRODUCTION 


Estimates  of  ttie  Economic  Cost  of  Producing  CRrni:  On, 
1.  Crude  Oil  Pnce  History  Since  1973 

Over  the  course  of  a  few  months  in  1073  <and  1074,  tlie  averaore  price 
of  crude  oil  imported  into  the  United  States  increased  threefold — 
from  about  $3.60  per  barrel  to  more  than  $10 — as  a  lesnlt  of  concerted 
action  by  the  Orsranization  of  Petroleum  Exportino^  Countries 
(OPEC).  Price  increases  continued  throutrliout  the  followin<r  year; 
according  to  the  Federal  Energy  Administi-ation  (FEA)  crude  oil 
import  prices  averaged  $12.52  per  barrel  in  1974. 

Because  the  discovery  and  development  of  additional  crude  oil 
supplies  would  take  several  years  at  Ix^st,  there  was  no  way  in  which 
refiners  in  the  United  St-ates  could  quickly  replace  these  expensive  im- 
ports with  crude  oil  from  domestic  sources.  American  consumers  had 
no  choice  but  to  pay  the  higher  OPEC  price  or  go  without  essential 
petroleum  products  for  transportation,  home  heating  and  industry. 

In  the  absence  of  price  controls,  moreover,  the  prices  of  domestic 
crude  oil  would  have  been  quickly  bid  up  to  the  level  of  the  cor- 
responding grades  and  qualities  of  OPEC  oil  (with  regional  adjust- 
ments for  transportation  costs).  Higher  petroleum  prices  would — 
and  did — tend  also  to  pull  up  the  prices  for  other  fuels  which  were 
not  subject  to  price  controls,  such  as  coal  and  intrastate  natural  gas 
supplies. 

In  an  attempt  to  mitigate  the  impact  on  American  consumei-s  and 
industry  of  a  huge  and  sudden  increase  in  the  price  of  all  fuels  the  Cost 
of  Living  Council  (COLC)  under  the  authority  of  the  Economic 
.Stabilization  Act  extended  the  crude  oil  price  controls  established  in 
summer  1973.  This  program  froze  prices  of  all  "old"  crude  oil — oil 
from  wells  ali-eady  producing  in  1972 — at  May  15.  197,3  prices  (an 
average  of  approximately  $3.90)  plus  35  cents.  "Xew"  oil — oil  from 
new  wells  and  oil  from  old  wells  in  excess  of  their  1972  production — 
was  left  free  to  rise  to  the  OPEC  price.  The  COLC  program  also  "re- 
leased"' from  controls  a  barrel  of  old  oil  from  each  producing  property 
for  everv  barrel  of  new  oil  produced  from  the  same  property.  In 
November  the  Trans-Alaska  Pipeline  Act  (P.L.  93-153)  was  enacted. 
In  this  legislation,  the  Conirress  =pecificallv  exempted  from  controls 
oil  from  "stripper  wells" — those  wells  producing  less  than  10  barrels 
per  dav. 

The' price  of  new  oil  in  September  1973,  was  approximately  $5.00 
per  barrel  and  exceeded  the  cost  of  imports  landed  in  that  month  by 
$0.25  to  $0.35  ])er  barrel.  On  October  10,  1973,  six  Persian  Gulf  menri- 
bers  of  OPEC  announced  increases  in  the  posted  price  of  crude  oil 
(FOB  the  Persian  Gulf)  from  $3.01  per  barrel  to  $5.12  per  barrel.  One 
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day  later,  in  Kuwait,  the  Arab  embargo  was  announced.  The  price  of 
domestic  new  oil  began  to  rise  precipitously. 

On  November  27,  1973,  President  Nixon  signed  the  Emergency 
Petroleum  Allocation  Act  of  1973  (P.L.  93-159)  committing  the 
President  to  promulgate  a  regulation  providing  for  the  equitable 
allocation  of  petroleum  at  equitable  prices. 

By  the  end  of  November  1973,  75  percent  of  domestic  oil  was  selling 
at  an  averaire  of  $4.25  per  barrel  and  25  percent  was  classified  as  neAv 
oil,  selling  for  $6.17  per  barrel.  On  December  18,  1973,  the  COLC,  in 
an  attempt  to  minimize  the  disparity  in  refiner  crude  costs  under  the 
two-tier  system,  announced  an  increase  in  the  ceiling  price  permitted 
for  old  domestic  crude  oil  of  $1.00  per  barrel,  from  approximately 
$4.25  to  approximately  $5.25  per  barrel.  The  FEA  has  continued  to 
report  $5.25  per  barrel  as  the  average  old  oil  price. 

.On  December  23,  1973,  OPEC  announced  that  the  world  price  of 
crude  oil  would  double  at  the  beginng  of  the  year.  Saudi  Arabia  raised 
the  posted  price  of  its  "marker"  crude  oil  from  $5.12  to  $11.65  per 
barrel,  effective  January  1,  1974. 

Responsibility  for  the  administration  of  the  petroleum  price  con- 
trol regulation  was  transferred  from  the  Cost  of  Living  Council  to  the 
Federal  Energy  Office  (FEO)  on  December  26,  1973.  On  January  15, 
1974,  the  FEO  issued  the  basic  price  control  and  allocation  regulation 
for  crude  oil  and  refined  petroleum  products.  This  price  control  regoi- 
lation  reflected  regulations  originally  administered  by  the  COLC  and 
permitted  domestic  "new"  oil  prices  to  float  to  reflect  the  world  price 
level  established  by  OPEC.  In  February  the  landed  price  of  imported 
crude  oil — approximately  $12.50  per  barrel — passed  the  domestic  new 
oil  price  for  that  month  of  approximately  $9.90  per  barrel. 

On  March  6,  1974  President  Nixon  "vetoed  S.  2589,  the  Energy 
Emergency  Act,  which  provided  for  a  rollback  to  approximately  $7.00 
per  barrel  of  the  price  for  domestic  "new"  oil  not  subject  to  price  con- 
trols under  the  Allocation  Act  regulation.  At  that  time,  "new"  oil  in 
the  U.S.  was  selling  for  nearly  $iO  per  barrel. 

On  April  30,  1974,  the  statutory  authority  for  the  COLC  program 
contained  in  the  Economic  Stabilization  Act  of  1970  expired,  and  the 
Emergency  Petroleum  Allocation  Act  became  the  sole  source  of 
Federal  price  control  authority  for  petroleum.  On  Jime  27,  1974,  the 
President  transferred  all  functions  of  the  FEO  to  the  Federal  Energy 
Administration,  created  by  the  Federal  Energy  Administration  Act 
of  1974  (P.L.  93-275,  May  7,  1975).  By  midyear,  domestic  new  oil 
prices  were  on  a  plateau  at  just  under  $10  per  barrel,  over  $2.50  per 
barrel  below  tlie  reported  landed  price  of  imported  oil. 

During  the  fall,  the  price  of  new  oil  began  to  rise  again,  reaching 
$11.28  per  barrel  in  Januarj^  of  1975. 

The  Senate  passed,  on  November  21, 1974,  and  the  President  signed, 
on  December  5,  1974,  Public  Law  93-511,  extending  the  Emergency 
Petroleum  Allocation  Act  of  1973  until  Auarust  31,  1975.  On 
September  9,  1975,  President  Ford's  veto  of  S.  1849,  which  woidjl  have 
extended  the  Allocation  Act  price  control  authority,  beyond  1975,  was 
sustained  in  the  Senate.  All  Federal  authority  to  control  oil  prices 
lapsed,  pending  resolution  of  the  continuing  disagreement  between  the 
President  and  CongTessional  opponents  of  the  Administration's  pro- 
posals on  oil  price  policy. 


This  controversy  was  resolved  by  the  President's  decision  to  sign,  on 
December  22,  1975,  S.  622,  tlio  P^ner^y  Policy  and  Conservation  Act, 
extending  crude  oil  price  controls  for  40  montlis.  At  tlie  same  time,  as 
part  of  the  agreement  with  Congressional  Democrats  over  the  struc- 
ture of  S.  622.  the  President  removed  the  $2.00  per  bai-rel  supple- 
mentary fee  on  crude  oil  imports  which  had  been  imposed  duiing  lOT;"). 
This  fee  had  raised  the  cost  of  imported  oil  to  the  U.S.  economy  to 
nearly  $15.00  per  barrel  by  the  end  of  1975.  In  addition  domestic  upi>er 
tier  (new,  released  and  stripper)  oil  prices — free  to  reflect  changes  in 
the  cost  of  imported  oil — rose  from  $11.28  per  barrel  in  January  1975, 
to  $12.95  per  barrel  in  December  1975.  Table  I  presents  crude  oil  prices 
paid  by  U.  S.  refinei^  from  1973  through  1975  and  estimates  of  the 
prices  which  can  be  expected  to  prevail  under  provisions  of  the  Energy 
Policy  and  Conservation  Act  over  the  life  of  the  j)rice-control  pro- 
gram enacted  in  that  legislation. 

TABLE  I.— U.S.  CRUDE  OIL  PRICES 
[Current  U.S.  dollars] 


Year/quarter 


Average 


Imports  2 


Composite 
including 
imports  ' 


End  of: 

1973: 

1st  quarter 

2d  quarter 

3d  quarter. 5.12 

4th  quarter 9.51 

1974: 

1st  quarter 9.88 

2d  quarter 9.95 

3d  quarter 10.10 

4th  quarter 11.08 

1975: 

1st  quarter 11.47 

2d  quarter 11.73 

3d  quarter 12.46 

4th  quarter 12.95 

S.622  3 11.28 

1976: 

1st  quarter.... 11.47 

2d  quarter 11.67 

3d  quarter 11.87 

4th  quarter 12.07 

1977: 

1st  quarter 12.28 

2d  quarter 12.48 

3d  quarter 12.70 

4th  quarter 12.91 

1978: 

1st  quarter 13. 13 

2d  quarter 13.36 

3d  quarter 13.59 

4th  quarter 13.82 

Istquarter  1979 14.05 

April  1979 14.14 


3.40 

3.30 

3.35 

3.60 

3.90 

3.70 

4.27 

4.72 

4.41 

6.31 

6.44 

6.43 

7.05 

12.73 

8.68 

7.20 

13.06 

9.45 

7.18 

12.53 

9.13 

7.39 

12.82 

9.28 

8.38 

13.28 

9.91 

8.38 

14.15 

10.33 

8.49 

14.04 

10.79 

8.65 

14.81 

10.98 

7.66 

13.00 

9.70 

7.84 

13.19 

9.87 

8.03 

13.38 

10.06 

8.23 

13.58 

10.32 

8.43 

13.78 

10.52 

8.63 

13.98 

10.72 

8.84 

14.19 

10.98 

9.09 

14.40 

11.21 

9.38 

14.61 

11.47 

9.82 

14.82 

11.82 

10.41 

15.04 

12.31 

10.65 

15.26 

12.54 

10.88 

15.48 

12.77 

11.13 

15.71 

13.05 

n.-^i 

15.79 

13.13 

1  Pricing  policy  adopted  by  Conference  Committee  on  S.  622.  The  policy  does  not  specify  the  rate  of  increase  in  new  oil 
prices  within  the  composite.  This  table  assumes  old  oil  prices  frozen  at  $5.  25  and  a  7  percent  annual  Increase  In  new  oil 
prices.  Import  prices  landed  In  the  United  States  are  assumed  to  escalate  at  6  percent  per  year. 

2  Actual  average  prices  as  reported  by  the  EEA  for  imported  crude  oil  landed  in  the  United  States  are  listed  through 
December,  1975.  Data  after  1975  assumed  removal  of  the  tariff  of  $2  per  barrel  on  imported  crude  oil  and  a  rise  in  its 
landed  price  of  6  percent  per  year  over  the  40-mo.  life  of  the  program. 

3  Actual  average  refiner  acquisition  costs  as  reported  by  the  FEA  are  listed  through  December,  1975.  After  1975  it  is 
assumed  that  imported  oil  comprises  38  percent  of  the  Input  of  crude  oil  to  domestic  refineries,  and  that  this  percent- 
age increases  gradually  to  42  percent  at  the  end  of  the  price  control  program  embodied  in  S.  622  (P.L.  94-153). 

2.  The  Tico-Tier  System  :  Its  RafionaJe  and  Its  CHties 

For  the  second  half  of  1973  during  the  embargo,  and  throughout  the 
post -embargo  period  domestic  cnide  oil  prices  were  regulated  under  a 
"two-tier"  regime :  old  oil  controlled  at  $5.25  per  barrel,  and  new,  re- 


leased  and  stripper  oil  left  free  to  be  sold  at  market  prices.  The  ration- 
ale for  this  two  tier  price  system  was  as  follows :  production  of  old  oil 
was  the  result  of  investments  made  by  producers  who  expected  to 
receive  a  price  of  $8  to  $4  per  barrel.  The  bulk  of  the  costs  for  this 
production  had  already  been  incurred  in  the  course  of  exploration  and 
development ;  therefore,  it  was  reasoned,  radically  higher  prices  for  old 
oil  were  not  nex^essarv  or  useful  as  incentives  to  increased  p-^oduction 
and  would  only  exacerbate  inflation  and  the  forces  which  were  push- 
ing the  economy  into  a  deep  slump.  On  the  other  hand,  it  was  regarded 
as  desirable  to  provide  the  maximum  encouragement  to  the  discovery 
and  development  of  new  domestic  oil.  Xew  domestic  supply  would 
reduce  the  need  for  imports,  improving  national  security  and  reducing 
the  outflow  of  foreign  exchange,  but  there  would  be  no  loss  to  con- 
sumers even  if  the  price  of  new  domestic  oil  were  equal  to  that  of  the 
imported  oil  it  replaced.  In  other  words,  according  to  the  COLC  view 
(and  later  that  of  the  Federal  Energy-  Office  and  the  Federal  Energy 
Administration),  it  was  not  reasonable  to  hold  the  price  of  new- 
domestic  oil  below  the  cost  of  imported  oil  if  raising  the  price  would 
bring  forth  greater  production  and  thereby  reduce  the  volume  of 
imports  refjuired. 

The  $5.25  per  barrel  oil  price,  the  exemption  from  price  controls  of 
new.  released  and  stripper  well  oil,  and  the  principle  of  a  two  tier  sys- 
tem itself  were — and  still  are — controversial.  It  is  not  surprising  that 
the  oil  producers  objected  to  the  controls  on  old  oil ;  they  were  later 
joined  by  the  Administration  and  by  some  professional  economists. 
Controls  were  criticized  on  several  grounds,  among  them.  (1)  that 
they  discouraged  investment  in  well  worko\'ers  and  enhanced  recovery 
projects,  which  could  retard  the  decline  in  production  from  established 
oil  fields:  (2)  that  they  deprived  the  oil  industry  of  cash  flow  neces- 
sary to  finance  investment  in  production  of  new  oil  and  gas  and  of  sub- 
stitute fuels:  and.  (3)  that  price  controls  on  any  part  of  domestic  oil 
supply  induced  consumers  to  waste  it,  that  is.  to  consume  oil  as  if  it 
were  only  worth  $5.25  per  barrel,  despite  the  fact  that  every  barrel 
consumed  at  that  price  had  to  be  replaced  with  a  barrel  of  imported 
oil  which  cost  the  United  States  at  least  twice  as  much. 

On  the  other  hand,  consumer  representatives,  many  Members  of 
Congress  and  a  different  group  of  economists  regarded  even  the  $5,25 
old  oil  price  as  creatine  windfall  profits  and  an  excessive  burden  on 
consumers.  They  argued  that  even  this  price  far  exceeded  the  actual 
historical  cost  of  developing  and  producing  the  supplies  in  question. 
The  COLC  and  subsequently  the  Fedenil  Energv  Office  were  severely 
criticized  for  their  failure  to  provide  any  cost  justification  for  the 
dollar  increase  in  the  old  oil  price  implemented  in  December  1973. 

The  absence  of  controls  on  new.  released  and  stripper  well  oil  also 
came  under  attack.  The  price  of  imported  oil.  it  was  arofued,  was  far 
in  excess  of  the  long  term  cost  of  significant  additions  to  domestic 
supply.  Manv  authorities  (includinir  for  a  time  Serretary  of  the 
Treasury  Simon)  held  that  prices  more  than  $7  or  $8  per  barrel  would 
result  in  little  additional  domestic  supplv  but  would  onlv  create  wind- 
fall profits  and  lead  to  a  further  bidding  up  of  the  prices  for  lease 
acreage,  rig  time,  tubular  goods  and  special  oil  field  ser\nces.  Allowing 
domestic  producers  to  receive  the  OPEC  price  would  therebv  impart 
both  a  demand  pull  and  a  cost  push  to  general  inflation  which  was 


already  rajrino^  at  double  dip^it  rates.  Moreover,  re<Tardless  of  the 
specific  price  level  for  new  oil  that  mipht  be  most  appropriate  for 
optimiziriir  domestic  siip))ly,  tliere  was  widespread  concern  in  Con- 
gress and  the  nation  that  the  lack  of  controls  on  a  larii:e  part  of 
domestic  supply  <J:ave  moral  sanction  to  ))rices  set  by  the  01*EC  cartel, 
and  that  OPEC's  effective  control  over  domestic  oil  prices  represented 
a  sio-nificant  diminnation  of  our  national  autonomy. 

The  principle  of  a  two  tier  system  was  itself  criticized  from  various 
quarters  on  the  ^rronnds,  (1)  that  the  distinction  in  (T)LC  and  FEA 
regulations  between  new  and  old  oil  did  not  effectively  separate  those 
elements  of  new  supply  which  were  sensitive  to  i)rice "incentives  from 
those  which  were  not;*  (2)  that  the  system  created  incentives  to  hold 
old  oil  off  the  market  and  to  eni>:a«j:e  iii  various  Ie<ral  and  illegal  subter- 
fuges in  order  to  convert  price-controlled  old  oil  into  e.\emj)t  new  or 
stripper  well  oil;  and  (3)  that  the  two  tier  system  required  a  costly 
and  clumsy  system  of  allocation  and  "entitlements"'  in  order  to 
equalize  oil  prices  among  different  refiners  and  different  sections  of  the 
country. 

3.  Methods  of  Esfimmfing  the  Cof<f  of  Xeir  CntfJe  Oil  S^ippliefi 

Among  all  the  issues  of  debate  regarding  oil  pricing  policy  the  most 
critical  concerned  the  cost  of  significant  additional  supplies  of 
domestic  crude  oil.  If  the  United  States  is  not  to  become  increasingly 
dependent  upon  imported  oil,  prices  for  domestic  oil — for  new  sup- 
plies at  least — will  have  to  cover  the  expected  cost  of  necessaiy  ma- 
terials and  labor,  plus  a  competitive  return  for  the  capital  committed 
to  exploration  and  develoi)ment.  The  actual  prices  of  oil  received  by 
producers  "would  also  have  to  be  sufficient  to  cover  lease  acfpiisition 
charges,  royalties  and  production  taxes,  although  nai-rowly  speaking 
these  latter  are  not  part  of  the  "economic  cost'"  of  crude  oil,  that  is,  of 
the  cost  of  oil  to  the  economy  as  a  whole. 

If  this  cost  could  somehow  be  measured  accurately,  prices  ai-guably 
could  be  established  for  new  oil  which  would  provide  just  the  right 
incentive  for  domestic  exploration  and  development,  without  creating 
either  a  peiTnanent  oil  shortage  or  excessive  profits  and  an  unnecessary' 
upward  push  to  the  general  price  level.  Accordingly,  estimates  of  the 
economic  cost  of  crude  oil  became  important  weapons  in  the  battle 
over  oil  pricing  policy.  During  the  period  beginning  with  the  Arab 
embargo  in  October  1973  and  endine:  with  enactment  in  late  1975  of  S. 
622.  the  Energy-  Policy  and  Conservation  Act  (P.L.  94-163).  one 
could  choose  crude  oil  cost  estimates  from  reputable  sources  rann-inir 
from  less  than  the  old  oil  price  to  more  than  the  prices  of  OPEC 
imports.  The  present  Committee  Print  reproduces  or  summarizes 
several  of  the  most  important  documents  in  the  debate  over  pricing 
])olicy  leading  to  the  policy  compromise  embodied  in  S.  622. 

The  economic  cost  of  crude  oil  is  an  inherently  elusive  value  to 
measure  or  estimate,  even  foT  presentlv  producing  oil  fields.  It  re- 
quires among  other  things.  (1)  correctly  assigning  to  each  past  year's 
investment  in  exploration  and  development,  the  number  of  barrels 
that  were — or  have  vet  to  be — produced  in  each  subsequent  year  as  a 
result  of  that  investment,  and  (2)  choosing  an  appropriate  value  for 
the  "cost  of  capital",  at  which  to  discount  future  sales  and  operating 
costs.  The  first  task  requires  considerable  ingenuity  in  rearranging 
the   investment   and   reserve   statistics   available   from   government 
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agencies  and  industry  groups,  and  in  projecting  boith  production  levels 
and  operating  costs  into  the  future.  The  choice  of  a  discount  rate  is  a 
largely  arbitrary  judgment,  which  may  researchers  evade  by 
presenting  their  results  on  the  basis  of  several  alternative  discount 
raites  ranging  in  some  cases  from  as  little  as  six  percent  per  year  to  as 
much  as  tAventy-two  percent.  In  these  two  tasks  there  is  sufficient 
latitude  for  individual  judgment  that  different  researchers  can 
produce  defensible  cost  estimates  varying  by  a  factor  of  two  or  more. 
Some  indication  of  the  degree  of  this  latitude  can  be  seen  in  the 
dialogue  between  Robert  R.  Nathan  and  his  collaborators  with  the 
staff  and  consultants  of  the  Senate  Committee  on  Interior  and  Insular 
Affairs,  regarding  the  procedures  and  assumptions  used  by  the  former 
in  their  historical  estimates  of  the  economic  cost  of  crude  oil. 

At  their  best,  historical  method olgies  such  as  lN[athan's  for  esti- 
mating crude  oil  costs  provide  onh^  the  average  cost  of  crude  oil  from 
reserves  discovered  in  a  particular  year,  and  only  the  average  cost  cor- 
responding to  the  actual  volume  of  reserves  added  in  that  year.  This 
figure,  even  if  it  were  itself  indisputable,  would  be  of  limited  value  in 
determining  the  coirect  price  for  crude  oil.  The  average  cost  of  crude 
oil  produced  from  investments  made  in  a  given  year  conceals  the  fact 
that  economic  cost  of  crude  oil  from  different  properties  will  range 
upward  from  a  few  cents  per  barrel  to  the  highest  value  that  any 
producer  believes  prices  will  reach  during  the  economic  life  of  his 
investment. 

If  one  purpose  of  estimating  the  cost  per  barrel  of  discovering  and 
developing  new  oil  reserves  in  the  recent  past  is  to  indicate  the  price 
we  must  offer  producers  to  induce  them  to  discover  and  develop  new 
oil  reserves,  the  figure  we  need  is  not  the  average  cost  of  crude  oil  but 
its  marginal  cost,  that  is,  the  additional  outlay  necessary  to  increase 
production  by  one  more  barrel.  We  need  this  estimate,  moreover,  not 
for  the  amount  of  oil  that  actually  Avas  produced,  but  for  the  amoimt 
we  believe  ought  to  be  produced.  A  production  level  of  12  million  bar- 
rels per  day  will  imply  a  substantially  higher  marginal  cost  (and  a 
higher  required  price)  than  a  level  of  8  million  barrels  per  day.  Even 
in  the  12  million  barrel  case,  marginal  costs  and  the  necessary  producer 
price  will  vary  considerably  depending  upon  whether  the  additional  4 
million  barrels  is  squeezed  out  of  old  discoveries  by  means  of  tertiary 
recovery  projects,  or  are  the  result  of  finding  big  new  fields  in  frontier 
areas  of  the  Outer  Continental  Shelf  and  Alaska.  It  follows  that 
economic  cost  of  new  oil  may  be  profoundly  affected  by  Federal  and 
State  leasing,  transportation  and  environmental  policy  in  the  frontier 
areas. 

4.  Cost  Studies  in  this  Report 

Of  the  cost  studies  presented  in  this  report,  three  were  completed  in 
1975,  that  of  Robert  R.  Nathan  and  his  associates  LaRue,  Moore  and 
Schaefer,  that  of  Butler,  Miller  and  Lents  and  that  of  Standard  Oil 
of  Indiana.  The  first  two  estimate  the  average  costs  for  oil  from  each 
year's  discoveries  over  the  whole  productive  life  of  those  discoveries. 
Nathan's  study  produces  an  economic  cost  for  1974  discoveries  of 
$12.73  per  barrel ;  Butler,  et  al.,  arrive  at  a  figure  of  $9.73  for  1973 
discoveries.  Both  of  these  figures  are  average  costs  in  current  dollars 
for  the  reserve  additions  attributed  to  the  respective  year's  discoveries. 

The  Standard  of  Indiana  report  is  based  upon  a  detailed  engineer- 
ing analysis  of  the  company's  own  United  States  properties,  and  the 


company's  internal  cost-estimation  procedures.  Accordingly,  it  is  prob- 
ably more  "realistic"  as  a  forecast  of  industry  response  to  crude  oil 
prices  than  the  other  studies,  all  of  which  use  historical  data.  This 
company  study  does  not  give  a  single  "cost"  figure,  but  rather  con- 
cludes that  prices  around  $12  per  barrel  in  1975  prices  represent  a 
threshold  above  which  the  supply  of  liquid  hydrocarbons  becomes  more 
responsive  to  prices.  In  this  price  range,  the  price  elasticity  of  the 
supply  of  new  reserves  increases  from  about  0.7  to  about  1.0,  as  prices 
begin  to  support  discovery  and  development  of  reserves  in  deep  off- 
shore areas,  remote  parts  of  Alaska,  and  tertiary  recovery  from  exist- 
ing reserves. 

The  1974  study  of  Davidson,  Falk  and  Lee  assumed  that  1971  was  an 
"equilibrium"  year  with  respect  to  oil  production  and  consumption, 
and  that  the  price  elasticity  of  supply  was  1.6,  that  is,  that  each  per- 
centage increase  in  real  prices  for  crude  oil  would  result  in  a  1.6  per- 
cent increase  in  current  production.  The  authors  claim  to  find  that  an 
oil  price  of  $5.36  per  barrel  would  have  sufficed  to  meet  1974's 
domestic  oil  demand,  had  producers  not  withheld  production  in  antic- 
ipation of  higher  prices. 

The  1973  report  of  the  National  Petroleum  Council  (NPC)  esti- 
uiated  the  average  cost  of  all  crude  oil  production  in  various  future 
years  on  the  basis  of  asvsumed  drilling  rates,  success  rates  and  the  cost 
of  drilling.  According  to  this  study,  the  average  cost  in  1980  of  10.4 
million  barrels  per  day  (reflecting  pessimistic  discovery  assumptions) 
would  be  $5.28  per  barrel,  and  average  cost  of  15.5  million  barrels  per 
day  (reflecting  optimistic  discovery  assumptions)  would  be  $6.69  per 
barrel,  both  in  1973  dollars. 

The  1974  studies  cited  here  by  the  Federal  Energy  Administration 
and  the  INITT  group  use  the  NPC  estim.ates  as  a  base,  and  adjust  them 
for  price  bv  the  use  of  estimates  for  the  price  elasticity  of  supply  de- 
rived from  other  models.  The  INIIT  report,  for  example,  using  1973  cost 
levels,  implies  that  the  volume  of  domestic  production  would  largely 
be  insensitive  to  prices  higher  than  $7  to  $9  per  barrel.  Higher  prices 
would,  on  the  other  hand,  be  expected  to  have  a  profound  effect  on  oil 
consumption  as  a  result  of  both  conservation  and  fuel  substitution.  As 
a  result,  the  authors  forecast  that  no  imports  at  all  would  be  needed  in 
1980  if  the  price  of  domestic  crude  oil  were  $11  to  $13  in  1973  prices. 

•5.  Crude  Oil  Price  Poli<yy  Through  1979 

It  is  apparent  from  the  brief  summary  offered  here  and  from  the 
following  table  ("Summary  of  Oil  Price  Studies")  that  cost  estimates 
from  respectable  authorities  are  available  to  support  a  wide  variety  of 
pricing  policies.  None  of  the  studies  cited  here,  however,  is  clearly  in- 
consistent with  the  policy  adopted  by  Congress  in  the  Energy'  Policy 
and  Conservation  Act.  That  legislation  and  the  regulations  adopted 
by  FEA  in  order  to  implement  it  provide  for  the  continued  control  of 
old  oil  prices  at  about  $5.25  per  barrel  and  a  ceiling  on  previously  ex- 
empt crude  oil  prices  of  $11.28,  with  the  average,of  all  domestic  crude 
oil  prices  increasing  (in  the  absence  of  Congressional  action  to  retard 
or  accelerate  them)  at  approximately  10  percent  per  year  to  reflect 
both  inflation  and  the  declining  proportion  of  old  oil  in  total  domestic 
supply.  Price  controls  on  crude  oil  will,  unless  extended  by  further 
legislation,  expire  in  40  months. 

This  measure  was  essentially  a  compromise  between  the  position  of 
Congress  which  desired  lower  prices  and  a  longer  period  for  the 
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phasino:  out  of  price  controls,  and  the  Administration  which  initially 
advocated  immediate  decontrol.  With  adoption,  the  "economic  cost  of 
crude  oil""  does  not  seem  to  be  the  vital  issue  it  was  from  1973  to  1975. 
The  debate  continues  at  a  lower  pitch  in  government,  industry  and 
academic  circles,  however,  and  can  be  expected  to  emerge  as  a  major 
public  issue  again  if  the  Administration  should  propose  major  changes 
in  the  level  or  structure  of  prices  under  S.  622,  and  will  certainly  come 
into  renewed  prominence  toward  the  end  of  the  40  month  period  when 
controls  are  now  scheduled  to  lapse.  Some  of  the  studies  reprinted  or 
cited  here  will  again  be  referred  to,  and  will  in  some  cases  be  updated, 
and  other,  more  sophisticated  estimates  (we  hope)  will  appear. 
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"DOMESTIC    OIL    AND    GAS    AVAILABILITY ",    CHAPTER    FOUR    OF    US 
ENERGY  OUTLOOK,  NATIONAL  PETROLEUM  COUNCIL  (1972) 


Introduction 

Numerous  factors  affect  the  supply  of  oil  and 
gas  from  domestic  sources.  Each  of  these  factors 
must  be  identified  and  quantified  to  develop  a 
projection  of  supply  for  any  future  period  of  time. 
This  study  considered  relevant  items  in  the  follow- 
ing five  broad  categories: 

•  Resource  availability 

•  Industry  capability 

•  Government  policies 

•  Economic  climate 

•  Future  technology. 

Initial  Appraisal 

In  the  NPC's  Initial  Appraisal,  a  projection  of 
supply  was  developed  utilizing  one  specific  set  of 
assumptions.  For  the  purpose  of  simplicity,  the 
Initial  Appraisal  assumed  a  "status  quo"  outlook 
over  the  study  period,  as  indicated  by  the  fol- 
lowing: 

Supply-demand  relationships  are  projected  as- 
suming that  current  government  policies  and 
regulations  and  the  present  economic  climate 
for  the  energy  industries  would  continue  with- 
out major  changes  throughout  the  1971-1985 
period.* 

The  following  assumptions  governed  the  oil  and 
gas  analyses: 

1.  Recent  physical  levels  of  oil  exploration  and 
development  drilling  activity  and  explora- 
tion success  trends  would  continue  into  the 
future. 

2.  The  level  of  capital  investment  in  gas  ex- 


*  NPC,  U.S.  Energy  Outlook:  An  Initial  Appraisal  1971 
1985,  Vol.  II  (November  1971),  p.  xvii. 


ploration  and  development  drilling  activity 
would  remain  relatively  constant  and  the  past 
trends  in  the  results  of  such  activity  would 
provide  the  basis  for  future  expectations. 

3.  After  domestic  oil  production  capacity  is 
reached,  remaining  requirements  would  be 
satisfied  by  imports.  It  was  also  assumed 
that  political,  economic  and  logistical  consid- 
erations would  not  restrict  the  availability 
of  foreign  oil. 

4.  All  presently  feasible  sources  of  gas  supply, 
domestic  and  foreign,  would  be  utilized.  It 
was  also  assumed  that  political,  economic 
and  logistical  considerations  would  not  re- 
strict the  availability  of  foreign  gas.  .  .  . 

These  assumptions  are  generally  optimistic.  In 
view  of  past  trends,  the  assumed  levels  of  oil 
and  gas  exploratory  activity,  in  particular,  are 
not  likely  to  be  realized  without  substantial  im- 
provements in  economic  conditions  and  govern- 
ment policies.* 

The  Initial  Appraisal  made  no  attempt  to  an- 
alyze the  economic  feasibility  of  the  case  presented. 
Levels  of  activity  and  physical  results  were  merely 
projected  into  the  future  using  an  assumption  of 
constant  price,  without  examining  the  economic 
implications. 

Obi'cctivc  of  Second  Phase 

The  objective  of  this  oil  and  gas  study  is  to 
examine  in  more  detail  the  factors  which  affect 
future  supplies,  with  particular  attention  to  increas- 
ing indigenous  supplies.  A  methodology  capable 
of  analyzing  the  numerous  parameters  that  could 
affect  future  domestic  petroleum  supply  levels  was 
developed. 

General  .Approach — Convcnfionnl  Supply 

Ranges  were  assumed  for  drilling  levels,  finding 
rates  and  additional  recovery  efforts  to  develop 
new  oil  and  gas  supplies.  The  costs  of  achieving 
these  activity  levels  and  resultant  production  rates 
were  calculated.  A  range  of  returns  on  investment 
(net  income  as  a  percentage  of  net  fixed  assets)  was 
selected  and  "prices"  required  to  provide  these  re- 


(17) 
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turns  on  the  net  fixed  assets  were  computed.*  This 
methodology  provides  a  great  deal  of  information 
on  the  relationship  between  oil  and  gas  supplies 
and  the  economic  climate  required  to  support  the 
supply  projections.  It  additionally  provides  a  basis 
for  evaluating  the  impact  on  supply  and  unit 
"price"  of  varying  assumptions  on  physical,  eco- 
nomic and  government  policy  factors. 

The  method  adopted  cannot  provide  precise  solu- 
tions on  price  supply  elasticity.  Such  a  determina- 
tion would  have  to  separate  price  from  all  other 
motivational  considerations,  and  there  appears  to 
be  no  way  to  isolate  price  effects  from  historical 
data  in  a  purely  objective  manner.  Further,  any 
analysis  of  future  supply  price  relaticmships  must 
recognize  that  they  will  undoubtedly  change  con- 
siderably from  those  experienced  in  the  past.  The 
historical  record  of  oil  and  gas  discoveries  reflects 
the  influence  of  resource  availability,  technological 
capabilities,  governmental  policies  and  cost  fac- 
tors, none  of  which  will  necessarily  be  duplicated 
in  the  future.  Shifts  in  these  factors  are  often  dif- 
ficult to  predict  or  quantify,  yet  the  accuracy  of 
any  prediction  concerning  the  response  of  oil  and 
gas  supplies  to  changes  in  price  is  dependent  upon 
future  changes  in  thes"  other  factors. 

These  uncertainties  typify  some  of  the  risks  in- 
herent in  oil  and  gas  exploration  and  development. 
As  a  result,  any  given  level  of  prices  may  result  in 
increments  of  new  supplies  which  exceed  or  fall 
short  of  anticipation.  However,  the  methodology 
adopted  does  provide  insights  into  supply  price  re- 
lationships and  thus  serves  as  a  valuable  tool  to 
facilitate  the  development  of  sound  energy  policies 
by  those  vested  with  this  responsibility. 

The  analysis  was  performed  on  a  geographic 
region-by-region  basis,  taking  into  account  vari- 
ations in  drilling,  finding  experience,  costs,  degree 
of  maturity,  etc.  The  regional  results  were  sub- 
sequently combined  to  present  total  U.S.  results. 
The  geographic  distribution  used  in  the  Initial  Ap- 
praisal (shown  in  Figure  5)  was  adopted  with 
minor  modifications. 

The  projection  period  began  with  1971  because 


•  As  used  in  this  study,  "price"  does  not  mean  a  specific 
selling  price  as  between  producer  and  purchaser  and  does 
not  represent  a  future  market  value.  The  term  "price"  is 
used  to  refer  generally  to  economic  levels  which  would, 
on  the  basis  of  the  cases  analyzed,  support  given  levels  of 
activity  for  the  particular  fuel. 


the  latest  published  data  available  at  inception  of 
this  phase  of  the  study  were  for  1970.  As  a  result, 
the  1971  projections  will  not  necessarily  agree  with 
actual  experience.  No  attempt  has  been  made  in 
this  report  to  reconcile  any  minor  differences  be- 
tween the  1971  projections  and  actual  data.  How- 
ever, in  general,  the  results  to  date  do  not  deviate 
greatly  from  the  projections,  and  the  differences 
are  not  of  such  magnitude  as  to  cast  doubt  on  the 
validity  of  the  methodology  or  findings. 

A  computer  program  was  developed  to  facilitate 
the  processing  of  data  because  of  the  multitude  of 
variables  involved  in  implementing  the  method- 
ology and  the  need  for  making  a  large  number 
of  repetitive  calculations.  The  program  has  no  in- 
terna! optimizing  logic  or  mechanisms  by  which  it 
can  relate  calculated  economic  results  to  investor 
motivation  or  incentives. 

Within  the  computer  program,  oil  supply — in- 
cluding associated-dissolved  gas  and  plant  liquids — 
and  related  economics  were  calculated  for  the  lower 
48  states  plus  southern  Alaska.  Non-associated  gas 
supply,  including  lease  and  plant  liquids,  and  re- 
lated economics  were  computed  for  only  the  lower 
48  states.  Projections  of  North  Slope  oil  and  gas 
and  southern  Alaska  non-associated  gas  operations 
were  made  independently  rather  than  through  the 
computer  program.  These  segments  of  Alaskan 
operations  were  not  included  in  the  "price"  calcu- 
lations because  of  the  lack  of  operating  experience 
'jnd  data  and  logistic  uncertainties.  Reserve  addi- 
tions, production  and  capital  requirements  for 
these  areas  are  incorporated  later  in  this  chapter. 
For  ease  of  reference  in  the  remainder  of  this  re- 
port, the  area  analyzed  using  the  computer  pro- 
gram will  be  labeled  "lower  48  states"  even  though 
southern  Alaskan  oil  operations  are  included. 

Cases  .Analyzed 

The  two  most  significant  variables  involved  in 
projecting  future  domestic  production  of  oil  and 
gas  are  (1)  finding,  rate — the  volume  discovered 
per  unit  of  drilling — and  (2)  drilling  rate — the  foot- 
age drilled  annually. 

Regional  analyses  of  historical  finding  rates 
indicate  a  range  of  results  which  cannot  adequate- 
ly be  represented  by  a  single  line  extrapolation. 
Therefore,  high  and  low  finding  rates  were  pro- 
jected for  each  region. 

To  determine  the  possible  range  of  future  do- 
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mestic  production,  three  drilling  rates  were  investi- 
gated: (1)  a  high  rate  of  drilling  growth,  (2)  a 
medium  rate  of  drilling  growth,  and  (3)  a  continu- 
ation of  the  declining  historical  trend.  The  high- 
est rate  of  drilling  growth  provides  by  1985  annual 
drilling  rates  exceeding  the  industry  all-time  high 
achieved  in  1956  following  the  rapid  expansion 
after  World  War  II. 

Six  oil  and  gas  supply  cases  resulting  from  com- 
binations of  these  two  finding  rates  and  three  drill- 
ing rates  were  analyzed.  Also,  the  initiation  of 
production  from  the  North  Slope  was  delayed  in 
two  of  the  cases.  The  configuration  of  these  vari- 
ables, as  they  define  the  six  cases  investigated,  is 
outlined  in  Table  32. 

For  brevity,  four  of  these  six  cases  (I,  II,  III  and 
IV)  were  selected  to  display  the  results  whenever 
possible.  These  cases  represent  the  three  drilling 
rates  and  cover  the  widest  range  of  supply  results. 
Case  I  is  the  highest  supply  case;  Cases  II  and  III 
are  intermediate  supply  cases,  combining  the  me- 
dium drilling  rate  with  both  the  high  and  low  find- 
ing rates;  and  Case  IV  is  the  lowest  supply  case 
and  includes  delays  in  Alaskan  development. 

General  Approach  —  Supplemental  Supply 

The  principal  sources  of  domestic  oil  and  gas 
supply  during  the  1971-1985  period  will  be  con- 
ventional production.  However,  sufficient  progress 
in  research  and  development  (R&D)  and/or  expe- 
rience in  certain  energy   fuel  conversion  applica- 


tions has  been  made  to  support  a  reasonable  range 
of  estimates  for  certain  potential  supplemental 
sources  of  supply.  This  category  of  supply  in- 
cludes: liquefaction  and  gasification  of  coal,  pro- 
duction of  liquids  from  oil  shale  and  tar  sands,  re- 
forming of  certain  petroleum  liquids  to  produce 
substitute  natural  gas  (SNG),  and  utilization  of 
nuclear  explosives  to  stimulate  production  in  low- 
productivity  natural  gas  reservoirs. 

Analyses  of  the  volumes,  capital  investments 
and  required  "prices"  for  the  production  of  oil  or 
gas  from  coal,  oil  shale  and  tar  sands  are  contained 
in  Chapters  Five,  Seven  and  Eight,  respectively. 
Analyses  of  SNG  production  and  nuclear  explo- 
sive stimulation  are  contained  later  in  this  chapter. 

Generally,  such  forms  of  supply  will  require 
large  capital  investments  and  "prices"  considerably 
higher  than  those  for  conventional  supplies  at 
present  and  will  make  limited  contribution  to  total 
supply  in  the  projected  period. 

Summary 
Reserve  Additions 

Table  33  shows  actual  and  projected  reserve 
additions  of  petroleum  liquids  and  natural  gas  in 
the  lower  48  states.  In  addition  to  the  reserve 
additions  shown,  it  is  estimated  that  average  an- 
nui!'  reserve  additions  in  Alaska  will  range  between 
0.3  and  0.6  billion  barrels  of  petroleum  liquids  for 
Cases  IV  and  I,  respectively,  and  between  1.3  TCF 


TABLE  32 

OIL  AND  GAS  CASES  ANALYZED 

Variable 

Highest 
Supply 

lA 

II 

III 

IVA 

Lowest 

Supply 

IV 

Finding  Rate 

High 

Low 

High 

Low 

High 

Low 

Drilling  Rate 

High 
Growth 

High 
Growth 

i\/ledium 
Growth 

Medium 
Growth 

Current 
Downtrend 

Current 
Downtrend 

Nortti  Slope 
Production  Starts 
Oil 
Gas 

1976 
1978 

1976 
1978 

1976 
1978 

1976 
1978 

1981 
1983 

1981 
1983 
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TABLE  33 

SUMMARY  OF  ANNUAL  RESERVE  ADDITIONS 

IN  LOWER  48  STATES 

Projected 

Actual          Case  1      Case  II     Case  III      Case  IV 

1960 

Petroleum  Liquids  (Billion  Barrels  per  Year) 

3.1 

1965 

39 

1970 

3.4 

1975 

3.8            37            29           25 

1980 

4.9            4.3            35           2.7 

1985 

5.3            4.7            3.7           2.6 

1960 

Total  Natural  Gas  (TCF  per  Year) 

13.8 

1965 

21.2 

1970 

11.1 

1975 

19.3          17.3          11.6           8.8 

1980 

27.2          21.8          14.2           7.4 

1985 

25.9          21.1          141            5.9 

(Case  IV)  and  4.2  TCF  (Case  I)  of  gas  over  the 
15-year  period  1971-1985. 

Production 

Tables  34  and  35  show  the  projected  daily  aver- 
age production  of  petroleum  liquids  and  the  annual 
production  of  natural  gas. 

Required  "Prices" 

Actual  "prices"  for  several  prior  years  and  the 
computed  average  "prices"  required  for  a  15- 
percent  return  on  net  fixed  assets  to  achieve  the 
levels  of  reserve  additions  and  production  for  all 
cases  investigated  are  shown  in  Table  36.  These  are 
average  "prices"  for  all  vintages  and  all  qualities 
of  oil  and  gas.  Five  rates  of  return  on  net  fixed 
assets  between  10  and  20  percent  were  investi- 
gated; only  the  mid-level  of  15  percent  is  shown 
for  the  projection  in  Table  36. 

Conclusions  and  Implications 

Resources  of  Oil  and  Gas 

The  volume  of  domestic  oil  and  gas  remaining 


to  be  found  will  not  be  a  limiting  factor  on  do- 
mestic supply  prior  to  1985.  There  remains  to  be 
discovered  almost  as  much  oil-in-p!ace  (OIP)  and 
twice  as  much  non-associated  gas  as  had  been 
found  by  the  end  of  1970. 

The  geographic  location  of  the  remaining  poten- 
tial resources  is  an  important  factor.  About  half 
of  the  remaining  oil  and  gas  is  estimated  to  lie  in 


*  Not  a  specific  selling  price  a.s  between  producer  and 
purchaser  and  does  not  represent  a  future  market  value. 
The  term  "price"  is  used  to  refer  generally  to  economic 
levels  which  would,  on  the  basis  of  the  cases  analyzed, 
yield  the  selected  level  of  return  on  net  fixed  assets  for 
given  levels  of  activity  for  the  particular  fuel  under  the 
assumptions  made.  For  a  discussion  of  "constant"  and 
"current"  dollars,  see  Glossary. 
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SUMMARY  OF  WELLHEAD  PRODUCTION- 
TOTAL  NATURAL  GAS 
(TCF/Year) 

Proiected 


Actual 

Case  1 

Case  II 

Casein 

Case  IV 

Lower  48  States 

1960 

130 

1965 

16.3 

1970 

22.2 

1975 

23.5 

23.4 

21.8 

21.6 

1980 

24.2 

22.8 

19.1 

17  1 

1985 

26.2 

23.0 
Alaska 

17,5 

132 

23.7  23.6         220  21.8 

26.1  24  4         20.5  17  3 

31.9         27.3         21.2  15.0 


addition  to  domestic  wellhead  production,  volumes  of 
natural  gas  from  liquid  hydrocarbon  feedstocks  (dis- 
{discussed  in  Chapter  Five) 
urces  IS  shown  m  Table  83. 


substitute  n 

cussed  later  in  this  chapter-  and  cc 

were  proiected   Gas  supply  from  all 


the  frontier  areas  of  Alaska  and  offshore,  while 
very  little  may  be  left  in  some  of  the  mature 
inland  provinces. 

The  key  factors  determining  the  volume  of  these 
resources  which  will  be  developed  during  the  1971- 
1985  period  are  access  to  prospective  areas,  drilling 
rates  and  finding  rates.  Appropriate  economic  and 
political  conditions  are  also  essential  to  the  attain- 
ment of  the  projected  results. 


Drilling  Rates  and  Additonal  Recovery 
Activity 

The  industry  has  been  in  a  phase  of  diminishing 
activity  for  several  years.  With  positive  incentive 
and  areas  to  explore,  the  petroleum  industry  can 
reverse  its  recent  trend  of  declining  drilling  activity 
and  begin  expanding  to  rates  achieved  in  the  post- 
World  War  II  decade.  Such  a  reversal  in  drilling 
rates,  without  a  change  in  the  finding  rate,  results 
in  increasing  1985  total  liquids  and  gas  production 
(including  Alaska)  by  about  2.6  MMB/D  and  8 
TCF  per  year  above  the  level  that  would  occur  if 
the  historical  downtrend  in  drilling  were  continued 
(Case  lA  us.  Case  IV). 

In  addition  to  increased  exploration  activity, 
adequate  incentives  could  stimulate  the  oil  industry 
to  expand  its  application  of  secondary  and  tertiary 
oil  recovery  processes.  By  1985,  these  additional 
recovery  methods  might  account  for  about  half  of 
the  oil  production  from  the  lower  48  states. 


Rales 


The  difference  between  the  projected  high  and 
low  finding  rates  is  substantial — the  high  finding 
rate  discovers  approximately  half  again  as  much 
as  the  low  finding  rate  per  foot  of  hole  drilled. 
Measured  in  terms  of  wellhead  production  in  1985, 
assuming  the  medium  growth  drilling  rate  (Cases 
II  and  III),  the  high  finding  rate  provides  about  2 
MMB/D  of  oil  and  6  TCF  of  gas  per  year  more 
than  the  low  rate.  The  impact  on  required  unit 
"prices"  to  yield  a  15-percent  return  would  be  a 
reduction  of  $0.42  per  barrel  and  $0.13  per  MCF. 

Lead  Time 

The  lead  time  between  a  producer's  decision  to 
expand  exploration  activity  and  the  resultant  in- 
crease in  oil  and  gas  production  is  unavoidably 
long.  Geological  and  geophysical  work  must  be 
done  to  identify  new  drilling  prospects,  adequate 
funds  to  finance  the  effort  must  be  made  available, 
land  must  be  leased,  drilling  rigs  must  be  acquired 
(or  built),  manpower  trained,  drilling  accomplished, 
production  and  transportation  facilities  built,  and 
gas  contracted.  The  lead  time  in  the  frontier  areas 
where  the  major  potential  exists  can  be  as  long  as 
5  years  or  more.  Thus,  not  only  are  immediate 
incentives  required,  but  the  expectation  by  the  in- 
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I960 
1965 
1970 
1975 
1980 
1985 

1960 
1965 
1970 
1975 
1980 
1985 

TABLE  36 

SUMMARY  OF  AVERAGE  REQUIRED  "PRICES-'-LOWER  48  STATES 
(Constant  1970  Dollars) 

Projected  (15%  Return  on  Net  Fixed  Assets) 

High  Finding  Rates 

Low  Finding  Rates 

Actual*             Case  1 

Cased               CaselVA          Case  1 A 
Crude  Oil  "Price"  (S/BbI) 

Casein 

Case  IV 

3.33 

3.26 

3.18 

3.65 
4.90 
6.69 

3.63                      3.54                 3.70 

4.73                      4.26                  5.16 

6.18                      5.06                  7.21 

Gas  Field  "Prices"  (<//MCF) 

3.67 
4.95 
6.60 

3.57 
4.39 
5.28 

16.2 
17.8 
17.1 

26.7 
33.7 
43.6 

26.2                      25.1                  28.5                   27.9                   26.6 
31.8                      27.6                  40.9                   37.8                   31.6 
39.8                      31.2                  59.4                   53.0                   38.7 

values  at  unspecified  rates  of  return  reported  by  the  Bureau  of  Mines  and  converted 

•     Actual  data  are  average  wellhead 
to  constant  1970  dollars. 

dustry    of    a    stable,    satisfactory    economic    and 
political  climate  is  essential. 

Price  Incentive 

The  most  effective  economic  incentive  would  be 
to  allow  prices  to  increase  to  the  level  at  which 
the  industry  can  attract  and  internally  generate  the 
risk  capital  needed  to  expand  activity  to  its  maxi- 
mum capability.  This  requires  both  a  fair  return 
on  total  investment  (e.g.,  return  on  net  fixed  as- 
sets), as  well  as  the  anticipation  of  attractive 
returns  on  current  and  future  investments. 

During  the  last  10  to  15  years,  real  prices  of 
oil  and  gas  at  the  wellhead  have  declined  while 
real  costs  have  been  increasing.  As  a  result,  both 
drilling  activity  and  addition  of  new  reserves  have 
declined  rapidly.  Assuming  a  15-percent  annual 
rate  of  return  in  constant  1970  dollars,  1985  aver- 
age oil  "prices"  may  have  to  range  from  S5.06  to 


$7.21  per  barrel,  and  1985  average  gas  "prices" 
may  have  to  range  from  $0.31  to  $0.59  per  MCF 
to  support  the  activity  levels  assumed  (Cases  lA 
and  IVA).  If  prices  for  gas  found  prior  to  1971 
are  prevented  from  increasing  by  regulatory  or 
contractual  restrictions,  the  required  "price"  in 
1985  for  gas  found  after  1970  would  be  on  the 
order  of  30  to  50  percent  greater  than  the  average 
"prices"  calculated. 

Even  a  continuation  of  drilling  activity  along 
the  current  declining  trend  will  require  "price" 
increases  of  about  $2.00  per  barrel  and  $0.15  per 
MCF  by  1985  if  the  petroleum  industry  is  to 
realize  a  15-percent  return  on  its  net  fixed  assets. 

Government  Policies 

Price  increases  alone  will  not  assure  substantial 
increases  in  the  exploration  for  and  development 
of  oil  and  gas  supplies.  They  must  be  accompanied 
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by  reasonable,  consistent  and  stable  governmental 
policies  specifically  designed  to  encourage  the  de- 
velopment of  additional  domestic  oil  and  gas  pro- 
duction. Policy  issues  of  particular  importance 
include  leasing  of  government  lands,  environmental 
conservation,  taxation,  natural  gas  price  regulation 
and  oil  import  quotas. 


Lec^ 


of  Government  Lands 


Recently,  adversary  proceedings  and  procedural 
uncertainties  and  delays  pertaining  to  environ- 
mental concerns  have  resulted  in  severely  restrict- 
ing industry  access  to  the  frontier  areas  that  con- 
tain the  most  potential  for  the  recovery  of  oil  and 
gas.  Such  issues  must  be  resolved  more  expedi- 
tiously in  the  future  so  that  long-range  project 
planning,  which  includes  logistical  and  transpor- 
tation considerations,  may  proceed. 

The  amount  of  federal  lands  leased  in  the  off- 
shore areas  must  increase  substantially  during  the 
1971-1985  period  to  achieve  the  supplies  projected. 
For  example,  in  Case  II,  the  total  offshore  acreage 
required  for  exploration  increases  from  about 
600,000  acres  per  year  actually  leased  in  1970  to 
almost  2,300,000  acres  per  year  in  1985 — an  in- 
crease of  almost  400  percent.  Also,  if  acreage  in 
the  California  offshore  areas  is  not  added  to  the 
Department  of  the  Interior's  announced  lease  sales 
schedule,  the  1985  production  rate  would  be  about 
700  MB/D  less  than  projected.  Announcing  a 
lease  sales  schedule  showing  increasing  acreage 
offered  per  sale,  as  well  as  increased  sale  frequency, 
would  also  facilitate  more  effective  industry  plan- 
ning in  the  exploration  for  and  development  of 
new  reserves  in  federal  areas. 

In  the  case  of  the  Alaskan  North  Slope,  not  only 
has  exploration  access  been  restricted  but  efforts 
to  produce  the  largest  oil  field  found  on  the  North 
American  Continent  have  also  been  frustrated. 
The  lack  of  any  return  on  the  more  than  $1.5 
billion  already  spent  on  the  North  Slope  by  the 
industry  to  date  has  adversely  affected  the  eco- 
nomics of  participants  and  severely  restricts  the 
availability  of  capital  to  finance  further  industry 
expansion. 

Unless  federal  policies  are  adopted  to  make  the 
necessary  offshore  acreage  available  in  a  timely 
fashion  and  to  permit  marketing  of  offshore  and 
Alaskan  reserves,  the  U.S.  consumer  will  be  de- 


prived   of    about    40    percent    of    projected    1985 
domestic  production  potential. 

Environmental  Conservation 

Use  of  land  and  offshore  areas  for  development 
of  natural  resources  in  a  manner  that  is  compatible 
with  environmental  quality  standards  is  both  feasi- 
ble and  necessary.  The  technology  is  currently 
available  at  reasonable  expense  to  assure  compli- 
ance with  practical  and  reasonable  environmental 
objectives. 

Taxation 

The  effects  of  changes  in  the  statutory  depletion 
rate,  preference  tax  rates,  job  development  credit, 
and  implementation  of  exploration  tax  credit  on 
required  "prices"  were  calculated,  assuming  no 
change  in  exploratory  activity  or  results. 

If  the  depletion  allowance  is  eliminated  under 
the  conditions  of  Case  II  and  III,  then  "price" 
increases  ranging  up  to  $1.00  per  barrel  and  $0.07 
per  MCF  would  be  required  to  maintain  industry 
profitability  at  a  15-percent  return  on  net  fixed 
assets.  The  implementation  of  a  tax  credit  (12.5 
percent  for  investment  in  exploration  and  addi- 
tional recovery)  could  result  in  a  reduction  of 
required  "prices"  of  $0.38  per  barrel  and  $0.03 
per  MCF  by  1985. 

The  motivational  forces  which  are  activated  by 
tax  changes  and  their  impact  on  industry  response 
are  believed  to  be  substantial,  but  they  cannot  be 
directly  quantified  by  the  methodolgy  used.  Data 
pertinent  only  to  the  exploration  and  production 
function  cannot  be  aggregated  in  a  manner  that 
avoids  distortion.  In  other  words,  the  "average" 
would  be  an  unrealistic  composite  of  corporations, 
individuals,  partnerships,  etc.,  that  are  each  subject 
to  different  exposure  to  tax  liabilities. 

Natural  Gas  Price  Regulation 

During  the  1960's,  demand  for  natural  gas  was 
artificially  stimulated,  and  development  of  new 
supplies  was  restricted  by  FPC  pricing  policies  that 
held  gas  prices  below  their  competitive  level  in 
the  marketplace.  Wellhead  gas  production  in  the 
United  States  increased  at  an  unprecedented  rate 
in  this  decade,  from  13.0  TCF  in  1960  to  22.3  TCF 
in  1970.    The  large  backlog  of  proved  reserves  of 
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gas  which  made  this  rapid  increase  in  production 
possible  is  no  longer  available  to  support  any  sub- 
stantial further  growth.  Future  increases  in  pro- 
duction must  depend  primarily  on  new  reserve 
additions. 

If  the  supply  capability  of  the  domestic  natural 
gas  industry  is  to  continue  to  expand  in  response 
to  demand,  the  FPC  regulatory  system  must  be 
altered  to  allow  natural  gas  to  reach  its  competi- 
tive price  level  and  thereby  provide  the  incentives 
necessary  to  find,  develop  and  market  additional 
natural  gas  supplies.  Similarily,  if  supplemental 
domestic  sources  of  supply  from  coal  gasification, 
SNG  and  nuclear-explosive  stimulation  are  to  make 
any  substantial  contribution,  the  regulatory  system 
must  demonstrate  sufficient  flexibility  to  permit 
economic  incentive  to  reflect  both  the  expense  and 
risk  involved.  This  same  set  of  regulatory  circum- 
stances must  apply  to  imports  of  both  conventional 
gas  and  LNG. 

Oil  Import  Quotas 

.\  system  of  effective,  equitable  oil  import  quotas 
is  essential  to  providing  the  incentive  to  expand 
domestic  supplies  of  energy  so  that  over-depen- 
dence on  foreign  sources  for  energy  supplies  can 
be  avoided.  Such  over-dependence  on  foreign 
sources  can  make  the  United  States  vulnerable  to 
interruption  of  petroleum  supply  from  either  mili- 
tary action  or  shutdown  for  political  reasons. 
Without  the  deterrent  effect  of  a  strong  domestic 
oil  industry,  producing  countries  could  more  easily 
threaten  economic  sanctions  and  boycotts  to  influ- 
ence U.S.  internati-nal  policies.  Moreover,  major 
interruptions  of  energy  imports  could  severely 
hamper  the  functioning  of  the  U.S.  economy. 

Oil  import  quotas  tend  to  encourage  develop- 
ment of  all  indigenous  energy  resources.  For  ex- 
ample, since  oil  exploration  and  gas  exploration 
are  generally  joint  activities  using  the  same  people, 
techniques  and  equipment,  the  availabilities  of 
these  two  fuels  are  inextricably  related.  Without 
oil  import  quotas,  domestic  oil  and  gas  availability 
would  decline.  The  development  of  domestic  syn- 
thetic fuels  could  also  be  retarded  by  the  lack  of 
economic  incentives  caused  by  the  threat  of  unre- 
stricted imports  at  a  price  which  would  not  yield 
an  adequate  return  for  domestic  producers  of  these 
fuels. 


Technology 

Continuation  of  past  trends  of  evolving  tech- 
nology have  been  implicitly  assumed  in  this  study. 
However,  if  major  breakthroughs  are  experienced, 
such  as  the  ability  to  achieve  the  high  finding 
rate  with  consistency,  the  effects  could  be  quite 
dramatic.  A  breakthrough  in  additional  recovery 
technology  would  result  in  large  supply  increases. 
For  example,  a  2-percent  increase  in  the  cumulative 
oil  recovery  factor  over  the  1971-1985  period  could 
amount  to  an  additional  1  to  2  MMB/D  of  oil 
production  in  1985. 

Technological  improvements  in  drilling  capa- 
bility and  in  the  design  and  construction  of  pro- 
duction facilities  are  essential  if  the  tremendous 
potential  of  the  Arctic  offshore  is  to  be  realized. 
Some  assurance  that  this  area  will  be  opened  to 
exploration  and  development  is  needed  if  industry 
is  to  undertake  the  research  required  for  resolution 
of  the  problems  associated  with  operations  in  the 
Arctic. 

Private  industry  has  developed  most  of  the  exist- 
ing exploration  and  production  technology  and  has 
the  best  technical  capability  to  develop  the  kinds 
of  new  technology  needed  for  future  development 
of  the  Nation's  oil  and  gas  resources.  This  tech- 
nical capability  will  be  used  effectively  by  private 
industry,  provided  there  is  reasonable  incentive 
to  do  so. 

Methods  of  Analysis 


Oil  and  gas  exploration,  development  and  pro- 
duction operations  are  different  but  related  facets 
of  the  same  business.  Analysis  should  not  totally 
segregate  oil  and  gas  operations  because  it  is  in- 
evitable that  some  volumes  of  associated-dissolved 
gas  and,  occasionally,  non-associated  gas  reservoirs 
will  be  found  as  a  result  of  oil  exploration.  Con- 
versely, exploration  for  gas  sometimes  results  in 
the  discovery  of  oil  reservoirs,  and  gas  well  pro- 
duction is  often  accompanied  by  the  recovery  of 
petroleum  liquids.  Therefore,  although  pre-selected 
objectives  account  for  most  of  the  resulting  types 
of  production,  exploration  for  either  oil  or  gas 
ultimately  leads  to  the  discovery  and  production 
of  both. 

Two  of  the  key  elements  of  an  analytic  method- 
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ology  for  projecting  the  results  of  oil  and  gas 
exploratory  and  development  operations  are  (1) 
the  amount  of  drilling  done  (drilling  rate)  and  (2) 
the  amount  of  oil  and/or  gas  found  per  foot  drilled 
(finding  rate).  Utilizing  compatible  sets  of  judg- 
ments for  oil  and  gas  on  finding  and  drilling  rates, 
as  well  as  for  many  other  variables,  allowed  the 
design  of  a  methodology  capable  of  making  sep- 
arate but  parallel  calculations  for  each  fuel. 

This  methodology  analyzed  the  historical 
amounts  of  oil  found  as  a  function  of  oil  drilling 
and,  in  like  manner,  the  amount  of  gas  found  as  a 
function  of  gas  drilling.  These  historical  relation- 
ships were  used  to  project  the  results  of  future 
activity  levels.  By  this  approach,  past  directionality 
(fraction  of  the  times  that  oil,  rather  than  gas,  is 
found  when  looking  for  oil,  and  vice  versa)  was 
implicitly  recognized  in  an  empirical  manner,  and 
the  explicit  quantification  of  directionality  in  the 
projection  period  was  unnecessary.  The  selection 
of  a  range  of  future  trends  of  oil  and  gas  finding 
rates  (as  discussed  later)  also  helped  eliminate  any 


need  to  quantify  directionality.  This  treatment  is 
possible  only  if  the  ratio  of  oil  drilling  footage  to 
gas  drilling  footage  is  reasonably  constant  during 
both  the  historical  period  used  for  determining  the 
finding  rates  and  for  the  projection  period. 

Historically,  productive  and  non-productive  foot- 
age drilled  is  reported  separately  and  is  further 
classified  as  exploratory  or  development  footage. 
In  this  analysis,  non-productive  footage  was  allo- 
cated to  oil  and  gas  by  region  according  to  produc- 
tive footage  ratios.  This  resulted  in  69  percent  of 
the  total  footage  drilled  in  1970  being  allocated  to 
oil  and  31  percent  to  gas  (see  Figure  6).  Also 
shown  is  the  projected  drilling  footage  for  Cases  I 
and  IV  which  cover  the  highest  and  lowest  drilling 
activity  levels.  Oil  and  gas  drilling  in  both  cases 
shown,  as  well  as  in  the  medium  growth  cases 
(Cases  II  and  III),  remains  near  the  70-  to  30- 
percent  split  experienced  since  1960. 

The  extent  to  which  the  ratio  of  oil  to  gas  drill- 
ing can  deviate  from  the  historical  ratio  without 
distorting  the  calculated  results  is  uncertain.  There- 
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fore,  the  methodology  used  in  this  analysis  is  not 
recommended  for  general  application  where  the 
future  drilling  mix  may  vary  appreciably  from 
historical  ratios. 

In  addition  to  calculating  reserve  additions  and 
production,  the  methodology  also  calculated  re- 
quired capital  investments  for  specified  levels  of 
activity  and  accompanying  required  "prices"  for 
oil  and  gas  at  a  range  of  rates  of  return  on  net 
assets.  Sufficient  flexibility  has  been  provided  in 
the  method  developed  (displayed  as  a  schematic  in 
Figure  7)  to  handle  separately  such  differences  in 
the  two  fuels  as  producing  characteristics  and 
additional  recovery  possibilities. 

Although  oil  supply,  gas  supply  and  economics 
are  calculated  separately,  each  segment  interacts 
with  the  others  at  several  appropriate  points  in 
the  procedure  so  that  oil  and  gas  are  interlocked 
and  cannot  be  analyzed  independently.  Both  oil 
and  gas  supply  segments  are  calculated  on  a  re- 
gional basis,  and  the  results  are  then  aggregated 
to  provide  totals  for  the  regions  considered. 


Oil  Supply  Procedures 

The  first  item  calculated  was  reserve  additions 
resulting  from  oil  exploratory  drilling.  Based  on 
historical  data,  both  a  high  and  low  future  oil 
finding  rate  for  each  region  was  established  to 
encompass  the  range  of  expectations.  These  rates 
were  expressed  in  terms  of  barrels  of  oil-in-place 
found  per  exploratory  foot  drilled  in  search  of  oil 
and  varied  as  a  function  of  cumulative  exploratory 
oil  drilling. 

The  volume  of  oil-in-place  found  yearly  in  each 
region  was  determined  from  the  product  of  the  oil 
finding  rate  and  the  exploratory  drilling  rate.  The 
oil  reserves  added  from  exploratory  drilling  were 
determined  by  applying  the  appropriate  primary 
recovery  factor  to  the  oil-in-place  discovered.  The 
reserves  added  by  application  of  secondary  and 
tertiary  recovery  processes  were  calculated  and 
added  to  the  exploration  results,  thus  determining 
total  annual  oil  reserve  additions. 

Annual  oil  production  was  scheduled  as  a  func- 
tion of  the  remaining  reserves  at  the  beginning  of 
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Figure  7.    Oil  and  Gas  Supply — Economic  Methodology. 
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each  year  by  applying  appropriate  factors  in  the 
various  regions  to  account  for  their  particular  oil 
recovery  mechanisms  and  reservoir  characteristics. 
Associated-dissolved  gas  reserves  and  production 
were  estimated  by  applying  calculated  gas/oil 
ratios  to  the  oil  production  volumes. 

Gas  Supply  Procedures 

Non-associated  gas  reserve  additions  and  result- 
ing production  were  determined  in  a  manner  very 
similar  to  that  used  in  making  the  oil  calculations. 
However,  gas  finding  rates  were  expressed  as  gas 
reserves  found  per  foot  of  total  gas  drilling,  in- 
cluding both  exploratory  and  development  well 
footage. 

Gas  production  was  calculated  regionally,  using 
one  schedule  of  factors  which  related  annual  pro- 
duction to  proved  reserves  estimated  as  of  Decem- 
ber 31,  1970,  and  a  second  schedule  of  factors 
which  related  annual  production  to  reserves  sub- 
sequently added. 

Reserves  and  production  of  natural  gas  liquids 
contained  in  the  natural  gas — both  non-associated 
and  associated-dissolved — were  calculated  by  ap- 
plying gas/liquid  ratios  derived  from  historical 
data. 

Because  of  the  inherently  high  primary  recovery 
factors  normally  experienced  with  gas  well  pro- 
duction, no  additional  recovery  of  reserve  additions 
are  calculated.  Nuclear-explosive  stimulation  does 
achieve  higher  production  rates,  but  its  applica- 
tion is  regarded  as  appropriate  only  in  those  areas 
where  conventional  well  completion  techniques  do 
not  permit  commercial  operation.  Therefore,  this 
technology  which  is  separately  discussed  could  be 
thought  of  as  increasing  the  reserve  potential. 

Economic  Procedures 

The  investments  and  expenses  required  to 
achieve  the  projected  oil  and  gas  drilling  and  pro- 
ducing levels  were  calculated  from  regional  his- 
torical cost  trend  relationships  and  anticipated  fu- 
ture drilling  depths  and  locations.  Other  eco- 
nomic parameters,  such  as  taxes,  royalties  and 
depreciation,  were  also  quantified.  Beginning  with 
estimates  of  the  industry's  net  fixed  assets  both 
in  oil  and  gas  production  facilities  as  of  December 
31,  1970,  the  average  net  fixed  assets  for  each  fuel 
were  determined  for  each  subsequent  year. 


The  annual  net  income  necessary  to  yield  various 
levels  of  return  on  the  net  fixed  assets  was  calcu- 
lated. These  returns  are  defined  as  the  ratio  of 
the  annual  net  income  after  tax  (before  interest 
charges)  to  the  average  net  fixed  assets  (average 
of  beginning-  and  end-of-year  net  investment  in 
property,  plant  and  equipment).  A  broad  range 
of  returns  was  investigated  as  an  alternative  to 
making  an  arbitrary  selection  of  a  specified  return 
level  that  would  be  required  by  an  industry  com- 
posed of  numerous  individuals  and  firms  experienc- 
ing diverse  economic  conditions.  Tax  liabilities 
and  all  other  expenses  and  burdens  on  production 
such  as  royalties  were  also  computed  to  arrive  at 
the  total  revenue  required  for  each  rate  of  return. 
The  revenues  from  associated-dissolved  gas  were 
credited  to  the  oil  sector;  revenues  from  gas  liquids 
were  credited  to  the  gas  sector. 

Once  the  required  oil  and  gas  revenues  were 
calculated,  they  were  converted  to  unit  revenue  or 
"price"  *  schedules.  Dollars  per  barrel  and  cents 
per  MCF  were  computed  by  dividing  the  required 
annual  oil  and  gas  revenue  by  the  volumes  of  oil 
and  gas  which  are  marketed.  The  "prices"  calcu- 
lated in  this  manner  represent  average  U.S.  crude 
oil  and  natural  gas  "prices"  in  the  field.  The 
method  used  makes  no  attempt  to  calculate  "price" 
by  geographic  area,  by  quality  of  product,  or  by 
year  of  discovery. 

Considerations  Regarding  Methodology 

General 

This  methodology  does  not  address  all  of  the 
factors  that  motivate  individual  investors  either  to 
take  the  risks  necessary  to  explore  for  and  produce 
increasing  quantities  of  oil  and  gas  or,  conversely, 
to  retrench  in  their  operations.  The  program  has 
no  internal  optimizing  logic  or  mechanisms  by 
which  it  can  relate  calculated  economic  results  to 
investor  motivation  or  incentives.  Therefore,  the 
method  of  analysis  should  not  be  used  to  forecast 
explicitly  or  calculate  the  elasticity  of  supply  to 
price.    However,  it  can  be  used   to  estimate  unit 

*  Not  a  specific  selling  price  as  between  producer  and 
purchaser  and  does  not  represent  a  future  market  value. 
The  term  "price"  is  used  to  refer  generally  to  economic 
levels  which  would,  on  the  basis  of  the  cases  analyzed, 
provide  a  specified  rate  of  return  on  net  fixed  assets  for 
given  levels  of  activity  for  the  particular  fuel. 
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revenues  for  oil  and  gas  required  to  support  as- 
sumed levels  of  exploration  and  production  activity 
based  on  the  industry  achieving  specified  rates  of 
return  on  its  net  fixed  assets. 

This  method  does  not  separately  compute  the 
"prices"  required  to  achieve  an  acceptable  return 
on  incremental  new  investments.  Rather,  it  calcu- 
lates the  average  "price"  needed  to  yield  a  specified 
return  on  total  net  fixed  assets,  thereby  combining 
past  discoveries  for  which  the  major  investments 
have  previously  been  made  and  projected  future 
discoveries  with  their  accompanying  costs.  In  an 
increasing-cost  industry,  the  resultant  average 
"prices"  tend  to  be  lower  than  those  needed  to 
justify  incremental  new  exploratory  and  develop- 
ment investments  so  that  the  price  incentive  re- 
quired to  encourage  new  investments  will  be  high- 
er than  the  average  "prices"  calculated. 

It  is  possible  to  utilize  the  average  "price"  cal- 
culations from  the  computer  program  to  estimate 
the  approximate  rate  of  return  on  new  investments 
provided  by  such  average  "prices."  This  subject 
is  addressed  further  in  the  oil  and  gas  economics 
section. 

Returns  on  net  fixed  asset  calculations  were  used 
for  oil  and  gas  because  they  recognize  the  large 
base  of  assets  and  reserves  built  up  in  the  past  as 
well  as  new  activities  and  can  be  calculated  with 
a  minimum  of  assumptions.  This  return  on  net 
fixed  assets  is  not  the  same  as  the  more  commonly 
reported  return  on  shareholders'  equitx/  (also 
termed  return  on  invested  capital  or  return  on  net 
worth).  To  attempt  to  calculate  return  on  share- 
holders' equity  would  require  making  a  large  num- 
ber of  additional  assumptions  on  allocation  of 
corporate  accounts  such  as  working  capital  (inven- 
tories, cash,  receivables  and  payables,  etc.),  other 
long-term  assets  (pre-payments,  deferred  charges, 
goodwill  etc.),  and  long-term  liabilities  (primarily 
debt)  that  might  be  appropriate  for  domestic  ex- 
ploration pj\d  production  operations.  No  historical 
data  f.re  available  for  estimating  these  items,  and 
to  attempt  to  do  so  would  add  additional  uncer- 
tainty. Published  estimates  of  historical  returns  on 
domestic  exploration  and  production  net  fixed 
assets  are  available  and  provide  a  basis  for  com- 
parison of  projections  with  past  performance.* 
These  historical  data  on  returns  on  net  fixed  assets 
are  generally  parallel  but  substantially  higher  than 
return  on  shareholders'  equity. 


To  show  the  sensitivity  of  the  returns  to  the  base 
used,  an  estimate  of  working  capital  was  added  to 
the  asset  base.  Although  there  are  no  reliable 
published  data  available  on  working  capital  assign- 
able to  only  the  exploration/production  activities, 
20  percent  of  net  fixed  assets  was  considered  to  be 
a  reasonable  estimate.  The  addition  of  working 
capital  at  that  level  reduces  the  return  by  about 
one-sixth  so  that  a  15-percent  return  on  net  fixed 
assets  would  be  12.5  percent  on  total  capital 
employed. 

Oil  and  Gas  Drilling 

In  establishing  the  rate  at  which  drilling  could 
increase  annually  for  the  high  growth  case  (Case  I), 
it  was  assumed  that  the  industry  could  expand  at 
a  rate  high  enough  to  return  to  a  drilling  level 
equal  to  the  maximum  achieved  since  World  War 
II  by  oil  and  exceed  the  previous  peak  year  of  gas 
drilling  in  1961  by  almost  50  percent.  However, 
it  is  also  necessary  to  recognize  the  obstacles  that 
must  be  overcome  to  achieve  that  result.  Since 
1956,  the  industry  has  experienced  a  decline  in 
domestic  drilling  activity  which  has  resulted  in 
dismantling  a  large  number  of  rigs  and  having 
trained  drilling  personnel  seek  other  employment. 
As  a  consequence,  there  are  currently  insufficient 
drilling  rigs  and  experienced  crews  to  support  such 
a  reversal  in  drilling  activity  without  the  manufac- 
ture of  new  equipment  and  an  intensive  period  of 
personnel  training. 

Drilling  effort  cannot  be  radically  and  quickly 
shifted  from  one  region  to  another.  Seismic  equip- 
ment and  techniques  used  on  land  cannot  be 
applied  to  offshore  areas  without  modification. 
Also,  lightweight  drilling  equipment  with  relatively 
shallow  depth  limitations  cannot  be  utilized  in 
areas  where  the  objective  reservoirs,  if  present,  are 
at  extreme  depths.  Large  rigs,  designed  specifically 
for  deep-well  drilling,  cannot  be  used  economically 
to  drill  shallow  wells.  In  most  instances  deep 
onshore  drilling  equipment  cannot  be  used  to  im- 
plement a  substantial  increase  in  offshore  drilling 
activity  without  extensive,  costly  and  time-consum- 
ing modifications.  The  building  or  modification  of 
specially  designed  equipment  for  Arctic  operations 


*  "Financing  the  Petroleum  Industry  During  the  1970's," 
Paper  Presented  by  Kenneth  E.  Hill  at  the  API  Division  of 
Finance  and  Accounting,  Dallas,  Texas,  June  11,  1970. 
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is  expensive  and  requires  significant  lead  time. 
Also,  the  transportation  and  other  related  logistics 
factors  pertaining  to  Arctic  operations  impose 
highly  significant  seasonal  limitations  on  move- 
ment and  operation  even  if  cost  were  not  a  con- 
straint. Therefore,  in  addition  to  an  improved 
economic  climate  to  overcome  existing  equipment 
and  personnel  availability  obstacles,  reliable  expec- 
tations of  access  to  frontier  and  offshore  areas 
having  future  potential  must  exist,  and  continued 
technological  improvement  in  drilling  and  logistics 
must  be  pursued. 

Another  obstacle  to  rapid  drilling  expansion  is 
the  lead  time  required  to  conduct  increased  geo- 
physical and  geological  activities  to  locate  drilling 
prospects,  as  well  as  the  time  needed  to  obtain 
leases  and  drilling  permits. 

Federal  Offshore  Lease  Availability 

The  offshore  areas  of  the  United  States  account 
for  a  large  percentage  of  the  Nation's  undiscovered 
oil  and  gas  resources.  For  this  reason,  a  critical 
assumption  was  required  concerning  the  amount 
of  acreage  in  these  areas  that  would  be  made 
available  and  the  time  of  its  availability. 

It  was  assumed  ti.at  the  lease  sales  schedule 
announced  in  1971  by  the  Department  of  the 
Interior  (shown  in  Table  37)  would  apply  and 
that  there  would  also  be  California  offshore  sales. 
Since  the  Department  of  the  Interior's  schedule 
extends  only  through  1975,  an  extrapolation  was 
made  to  cover  the  remaining  10  years. 

The  announced  schedule  did  not  specify  the 
amount  of  acreage  to  be  offered  for  lease  at  each 
sale.  However,  it  was  assumed  that  sufficient 
acreage  would  be  offered  to  meet  the  exploration 
needs  projected  in  these  areas.  As  an  example,  the 
offshore  exploratory  acreage  requirements  used  in 
Case  II  for  specific  years  are  shown  in  the  follow- 
ing tabulation. 


Thousand  Acres 

per  Year 

1971 

673 

1975 

1,101 

1980 

1,663 

1985 

2,263 

with  slightly  over  7  million  acres  that  industry 
leased  on  the  Outer  Continental  Shelf  (OC5)  dur- 
ing the  1952-1970  period. 

The  sensitivity  of  this  critical  item  is  examined 
in  more  detail  in  the  parametric  studies. 

Supply — Oil 

UltimntcK  Discoverable  Oil 

The  NPC's  Future  Petroleum  Provinces  report 
was  used  to  define  the  discoverable  oil-in-place  of 
the  United  States.*  In  that  report,  estimated  future 
discoverable  oil  was  separated  into  "probable  and 
possible"  and  "speculative"  categories.  Only  half 
of  the  speculative  oil  was  included  along  with  all 
of  the  probable  and  possible  for  purposes  of  this 
study.  This  represents  the  "median  (expectable) 
estimate"  presented  in  the  Petroleum  Provinces 
study. 

Subsequent  to  publication  of  the  Petroleum 
Provinces  report,  its  authors  were  consulted  to 
update  the  estimates  as  required  and  to  develop 
an  allocation  of  the  future  oil  resources  between 
onshore  and  offshore  for  the  three  coastal  regions. 
As  a  result  of  recent  developments  on  the  North 
Slope  of  Alaska,  the  oil-in-place  previously  con- 
sidered speculative  is  now  considered  probable 
and  possible.  Estimates  were  also  added  for  spec- 
ulative oil-in-place  for  the  more  prospective  por- 
tions of  the  Alaskan  Continental  Shelf  which  were 
not  included  in  the  Petroleum  Provinces  report.  Ex- 
cept for  the  Gulf  of  Alaska,  these  Alaskan  offshore 
estimates  cannot  be  considered  as  discoverable  in 
the  near  future  because  of  the  very  hostile  oper- 
ating conditions. 

Present  estimates  are  summarized  in  Table  38. 
The  total  discovered  and  discoverable  estimate  of 
810.4  billion  barrels  is  an  increase  of  90.6  billion 
barrels  over  the  719.8  billion  estimated  in  the 
Petroleum  Provinces  report.  Taking  into  account 
oil-in-place  added  by  discoveries  and  revisions 
since  the  report  was  written,  oil  discoverable  after 
1970  is  now  estimated  to  be  385.2  billion  barrels — 
53.3  billion  barrels  more  than  estimated  in  the 
Petroleum  Provinces  report.  Of  this  volume,  160.2 
billion  barrels — 42  percent  of  the  oil-in-place  re- 
maining to  be  found — is  located  in  offshore  areas. 


During  the  15-year  period,  a  total  of  about  21 
million   acres   would   be   required.    This   compares 


*  NPC,  future  Petroleum  Provinces  of  the  United  States 
ily  1970)- 
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Some  additional  estimates  of  all  ultimately  dis- 
coverable petroleum  liquids  originally  in  place  (not 
just  crude  oil)  have  been  published.  They  are  shown 
in  Table  39. 

To  provide  more  accurate  estimates  of  the  re- 
sults of  future  finding  and  developing  efforts,  an 
analysis  was  made  of  the  remaining  oil-in-place 
in  each  region  by  geologic  horizon  and  depth. 

Oil  Finding  Rate 

Utilizing  the  results  of  the  resource  studies, 
possible  future  exploration  success  rates  were  es- 
tablished  in   terms   of  oil-in-place   discovered   per 


foot  of  exploratory  drilling  in  each  region.  Since 
exploratory  success  varies  widely,  high  and  low 
finding  rates  were  projected  for  each  region. 

The  technique  used  to  determine  regional  finding 
rates  was  as  follows: 

•  Oil-in-place  found  per  foot  of  exploratory  oil 
drilling  in  each  region  was  calculated  annually 
for  the  period  1956  through  1970.  The  re- 
gional oil-in-place  found  by  the  drilling  effort 
in  a  given  year  was  calculated  from  the  Amer- 
ican Petroleum  Institute  (API)  annual  reserve 
additions.  This  was  done  by  dividing  each 
region's  annual  reserve  additions  by  the  pri- 
mary recovery  factor  established  for  that  re- 


TABLE  38 

OIL-IN-PLACE  RESOURCES 

Billion  Barrels 

Remaining  Discoverable 
Oil-in-Place 

Ultimate 

Oil-in-Place 

Discoverable 

Discovered 

Billion 

%of 

Region 

Oil-in-Place 

to  1/1/71 

Barrels 

Ultimate 

Lower  48  States-Onshore 

2              Pacific  CodSt 

101.9 

80.0 

21.9 

21.5 

3              Western  Rocky  Mtns. 

43.6 

5.8 

37.8 

86.7 

4               Eastern  Rocky  Mtns. 

52.4 

23.9 

28.5 

54.3 

5              West  Texas  Area 

151.6 

106.4 

45.2 

29.8 

6              Western  Gulf  Coast  Basm 

109.0 

79.7 

29.3 

26.9 

7                MIdcontinent 

63.G 

58.4 

4.6 

7.3 

8-10       Michigan,  Eastern  Interior 

and  Appalactilans 

36.5 

30.5 

6.0 

16.4 

1 1               Atlantic  Coast 

3.8 

0.2 

3.6 

94.7 

Total 

561.8 

384.9 

176.9 

31.5 

Offshore  and  South  Alaska 

1               South  Alaska  Including 

Offshore 

26.0 

2.9 

23.1 

88.8 

2A           Pacific  Ocean 

49.6 

1.9 

47.7 

96.2 

6A           Gulf  of  Mexico 

38.6 

11.5 

27.1 

700 

11A            Atlantic  Ocean 

14.4 

0.0 

14.4 

100.0 

Total 

128.6 

16.3 

1123 

87.3 

Total  United  States   (Ex.  North  Slope) 

690.4 

401.2 

289.2 

41.9 

Alaskan  North  Slope 

Onshore 

72.1 

24.0 

48.1 

66.7 

Offshore 

47.9 

0.0 

47.9 

100.0 

Total 

120.0 

24.0 

96.0 

80.0 

Total  United  States 

810.4 

425.2 

385.2 

47.5 
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ESTIMATES  OF  ULTIMATELY  DISCOVERABLE  PETROLEUM  LIQUIDS 

ORIGINALLY  IN  PLACE* 

(Billion  Barrels) 


1972 

1969 

USGS 

Hubbert 

Lower  48  States 

1,519 

516 

Alaska 

376 

78 

Total  United  States 

1,895 

P.  Schweinfurth  and  D.  C 

Du 

594 

•     P.  K.  Theobald.  S 

lean,  Energ 

Circular  No.  650  (July  1972). 

1959 
Weeks 


1970 
Moore 


-Not  Estimated 
670 


1968 

Elliott  and 

Linden 


Energy  Resources  of  the  United  States,  U.  S.  Geological  Survey, 


gion.  The  API  reserve  addition  categories  of 
"new  fields,"  "new  pools"  and  "extensions" 
were  used  for  this  purpose  since  these  repre- 
sent reserves  which  result  from  new  oil-in- 
place  found.  Reserve  additions  from  improved 
primary  recovery  and  additional  recovery 
projects  are  reported  as  "revisions." 

•  For  each  region,  the  historical  finding  rate  was 
plotted  as  a  function  of  the  cumulative  ex- 
ploratory footage  drilled  since  1956. 

•  Trends  were  established  from  these  plots  and 
were  projected  into  the  future  using  a  range 
of  probable  rates.  A  set  of  lower  finding-rate 
projections  was  based  on  a  simple  semi-loga- 
rithmic extrapolation  of  past  trends.  Another 
set  of  projections  was  made  predicated  on  the 
possibility  of  altering  the  historical  trend 
through  technological  improvements,  through 
discovery  of  some  unsuspected  "giant"  fields 
(100  MMB  or  larger),  or  through  additional 
rewards  resulting  from  increased  risk-taking 
spurred  on  by  improved  incentives.  These 
mofe  optimistic  trends  averaged  50  percent 
higher  than  the  low  cases. 

For   regions   which   have   no   reliable   historical 

data,  finding  curves  were  established  by  assuming 

similarity  with  a  more  mature  region.   For  example, 

j  the  Atlantic  Coast  offshore  province  was  assumed 

I  to  be  analogous  to  the  offshore  Gulf  Coast. 

'       Composite  finding  trends  for  the  total   United 

States  are  shown  in  Figure  8.    These  composites 


reflect  the  changing  mix  as  exploration  shifts  from 
the  lower  48  states  onshore  area  into  the  frontier 
provinces  of  the  offshore  areas  and  Alaska.  Since 
these  frontier  provinces  are  still  in  the  early  stages 
of  development,  their  finding  rates  are  projected 
to  remain  quite  high,  while  those  for  the  older 
onshore  areas  continue  to  decline. 

Oil  Drilling  Activity 

The  second  parameter  that  must  be  considered 
is  exploratory  drilling  which  is  expressed  in  footage 
drilled  per  year.  It  is  this  activity  which  discovers 
the  additional  oil-in-place  that  expands  the  reserve 
base  to  support  future  production  levels. 

In  order  to  cover  the  range  of  possible  explora- 
tion activities,  a  spectrum  of  three  U.S.  exploration 
drilling  trends  was  selected  for  the  projection 
period  (see  Figure  9).  The  highest  activity  level 
(Case  I)  assumed  a  7.5  percent  per  year  growth 
rate  in  exploratory  footage.  An  intermediate  ac- 
tivity level  (Cases  II  and  III),  though  still  high, 
assumed  a  5  percent  per  year  growth.  On  the  low 
end  of  the  spectrum  (Case  IV),  a  decline  in  activity 
of  about  3  percent  per  year  was  used.  All  of  these 
trends  were  assumed  to  have  as  their  base  point 
the  estiinated  1971  drilling  level. 

These  exploratory  drilling  levels  for  the  total 
United  States  (excluding  North  Slope)  were  dis- 
tributed by  geologic  region  in  accordance  with  the 
data  on  each  region's  current  share  of  the  Nation's 
drilling  effort,  future  potential  and  costs.    The  dis- 


73 -r 


34 


a 
■ 

z 

t 

- 

-^^  +.-. 

...  ^ 

"'^ 

z: 

ZX 

.^^. 

i|:|iNl||||l||||||j| 

1 

.:l:^^-.-l T 

6- 

-^ 

X 

-1 

- 

T" 

ht—i 

^rX 

_^ — ^ — I 1_ 

4- 

-!- 

'  I 

— 

ri,?>>t 

■-* 

' — [- 

T^- 

"~ 

J 

L  i .-  -^  . 

1 

"" 

■ 

1 

t .    K 

1         : 

T 

T  '                      1 

1 

\ 

j 

1 

^ 

I 

V  ■ +^x 

1  ^ 

>v 

i 

._.    1    .  .      L  !...._  

i 

,    i    1 

'     M 

\ 

^         ;    OFFSHORE  &;  1        1 
SOUTHERN  ALASKA      | 

■   Li-^l       1       1          1    1    1   1  M   1 

« 

■ 

^     C^ 

:H^^tT^^,3f  '"" 

^Xt 

1 

^ 

' 

1 

:^  /I! 

'     iip-L 

., 

T  • 

^ 

'     1 

^ 

^4t^:titl::.. 

ii  r: 

+-      -t- 

J-^' 

_   '        _.ll  1_TSL        _.  E 

- 

4-  ■ 

~^ 

il:±    - 

^      ^ 

1     i 

i 

""r  1  , 1 : 1  ;  1  i  1  1 1  i  1  iT>ii  1 1 1 

' 

/ 

> 

^       ^ 

^ 

1           ;           M     1      1     I     l^">«»  . 

1 

:           ' 

'1 

'' 

\ 

\ 

1    X 

U^  4  -L  ♦ 

i  ! 

_i 

1  ^ 

\ 

1 ' : 

^ 

[t+::ti;i:t:::: 

L 
C 

^^ 

-t. 

N 

ii*- 

i  ■ 

TOTAL  U.S. 

t 

4J--:--^t4^. 

OWER  48  J 
NSHORE 

"\ 

^ 

1  ■ 
1  >' 

/ 

r   TOTAL  US.       inn  It" 

[-  -(4-k-l  t  1  1  f4.  s4^  CASE  III 

9^ 

^_ 

^j 

^ 

-r    1 

!!S- 

--^ 

"^ 

— 

— ' 

-~ 

— 

-*- 

—  - 

^^ 

^^- 

^  ^~ 

[^    LOWER  48      LcASE  II     " 

~r  "t" 

1 

^. 

" 

_ 

1 

r    T  ,  ^ 

_^ 

_^_ 

^_^ 

"■^- 

^^-rZu I  ---+++ 

■  — 

•-  -1" 

•  —  - 

-- 

t 

- 1  -  }-  ~\-  -• 

^  - 

-^  ^- 

-•-  -|- 

-•--  -* 

■'  ■*  TT^+-t-...T  J  .- 

1 

' 

7^  1    ,  T  1   ,  ;ase  III   " 

1 

1 

~^ 

^^  '^'t'  ;  ^     Mil"" 

' 

1 

1 

!   1 

1 

1 

!   i   M      1 

CUMULATIVE  EXPLORATORY 

FC 

OTAGE  C 

)RILLE 

D-MILLIONS  OF  FEET  |  |  |  |  |  |  |  | 

± 

1 

1 

9. 

-^ — 1 — 

ji!   1 

i 

? 

j 

[I    nil    I 

LOWER  48 
ONSHORE ( 

DIMLY 

i 

t' 

I  ^ 

__^ 

t 

t- 

i.!itiL.._i 

'  Excluding  North  Slope. 

t  3-  Year  Running  Averages  on  History 


55  1960  1965  1970 

YEAR 

Figure  8.    Oil   Finding  Rates — Medium  Drilling.* 


tribution  used  in  the  analysis  is  shown  in  Table  40. 
Although  exploratory  drilling  is  a  key  determi- 
nant of  the  oil-in-place  that  will  be  discovered  in 
the  next  15  years,  the  total  amount  of  drilling, 
including  development  drilling,  is  important  in 
determining  costs  of  finding  and  developing  oil 
supplies.  The  amount  of  development  drilling  is 
related  to  the  assumed  exploratory  drilling  level 
as  a  function  of  the  amount  of  oil  found  by  each 
exploratory  well.  If,  on  an  average,  exploratory 
wells  find  relatively  large  amounts  of  oil,  more 
development  wells  will  be  required  than  if  explora- 


tory wells  find  only  small  reservoirs.  In  each  region 
a  correlation  of  total  drilling  to  exploratory  drilling 
was  derived  using  data  for  the  last  15  years.  These 
correlations  were  then  used  in  projecting  total 
drilling  as  a  function  of  the  assumed  exploration 
drilling  and  success  levels.  The  resulting  total  oil 
drilling  is  shown  on  Figure  9. 

The  number  of  wells  resulting  from  these  drill- 
ing footages  are  indicated  in  Figure  10.  As  a  result 
of  the  increasing  well  depth  needed  to  reach  the 
future  oil  resources,  total  wells  drilled  do  not 
increase  as  rapidly  as  the  footage  drilled. 
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TABLE  40 

PROJECTED  REGIONAL  ALLOCATION 

-EXPLORATORY  DRILLING  EFFORT 

Percent  of  Total  U.  S.  Oi 

Exploratory 

Drilling 

Initial 

Region 

1970 

1975 

1980 

1985 

Appraisal* 

1 

Alaska! 

0.1 

07 

1.0 

1.5 

06 

2A 

California  Offshore 

0.5 

2.5 

3.0 

3.0 

1.2 

6A 

Gulf  Coast  Offshore 

2.1 

7.0 

8.0 

9.0 

5.8 

llA 

Atlantic  Coast  Offshore 

- 

0  2 

05 

2.0 

- 

Total  Offshore  and  Alaska 

2.7 

10.4 

12.5 

15.5 

7.6 

2 

Pacific  Coast 

42 

40 

4.0 

4.0 

5.1 

3 

Western  Rocky  Mtns. 

6.0 

50 

4.5 

5.1 

20 

4 

Eastern  Rocky  Mtns. 

28  1 

26.5 

25.8 

24.6 

12.9 

5 

West  Texas 

14.4 

135 

13  0 

12.5 

20.0 

6 

Gulf  Coast  Onshore 

27.8 

24.5 

230 

19.6 

24.9 

7 

Midcontinent 

140 

9.7 

8.9 

8.2 

189 

8-10 

Michigan.  Eastern  Interior 

and  Appalachians 

2.3 

4,5 

55 

65 

8  5 

1 1 

Atlantic  Coast  Onshore 

0.5 

1.9 

2.8 

4.0 

0.1 

Total  Lower  48  Onshore 

97.3 

89.6 

87.5 

84.5 

92.4 

Total  U 

nited  States 

plorat 

100.0 

on  dnllinc 

. 

100.0 

100.0 

100.0 

100.0 

•     Percent  of  total  drilling  rather  than  e> 

t     Excl 

jding  North  Slope. 

Oil-in-Placc  Found 

Once  projections  of  regional  oil-in-place  finding 
rates  and  exploratory  drilling  rates  had  been  estab- 
lished, the  appropriate  multiplication  of  the  two 
resulted  in  a  schedule  of  oil-in-place  found  per 
year  by  region  for  the  15-year  projection  period. 

The  amount  of  oil-in-place  discovered  in  the 
four  cases  is  shown  in  Figure  11.  This  plot  is  a 
composite  U.S.  total  on  a  cumulative  basis.  The 
lowest  discovery  case  (Case  IV)  is  based  on  an 
extrapolation  of  the  drilling  and  finding  rates  of 
the  last  15  years.  It  is  also  the  case  which  most 
nearly  approximates  the  findings  projected  by  the 
Initial  Appraisal.  Cases  I,  II  and  III  show  various 
volumes  of  increase  above  the  declining  historical 
discovery  experience  because  of  substantially  in- 
creased drilling  rates  and,  for  Cases  I  and  II,  more 
favorable  finding  rates.  The  results  of  all  four 
cases,  as  compared  to  the  Initial  Appraisal,  are 
presented  in  Table  41  by  geographic  region.    As 


indicated,  a  little  over  half  of  the  total  U.S.  ulti- 
mate discoverable  oil-in-place  had  been  found  by 
1971.  Oil  discovered  in  the  1971-1985  period,  with 
the  high  and  low  projections,  is  summarized  in 
Table  42. 

Case  I  results  from  the  most  optimistic  level  of 
achievement  for  all  important  factors.  In  order  to 
achieve  Case  I,  it  would  be  necessary  to  maintain 
the  high  drilling  growth  rate  and  the  high  finding 
rate  in  each  region,  each  year,  for  the  entire 
15-year  period.  With  the  North  Slope  added  to 
these  results,  119  billion  barrels  of  oil  would  be 
found,  which  is  more  than  twice  as  much  as  the 
Case  IV  volume.  It  would  represent  an  amount 
equivalent  to  30  percent  of  all  the  oil  found  in  the 
United  States  since  the  inception  of  the  oil  busi- 
ness. Cases  II  and  III  fall  between  Cases  I  and  IV 
and  were  used  in  making  more  extended  studies. 
The  Initial  Appraisal  results  fall  between  those  for 
Cases  III  and  IV. 
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EKCtuding  North  Slope 


Figure  9.    Oil  Drilling  Rate  Projections — Million  Feet  Drilled. 


In  order  for  the  high  projections  to  be  met,  an 
enormous  amount  of  exploration  will  be  required 
in  the  frontier  areas  of  offshore  and  Alaska,  in- 
cluding the  North  Slope.  For  example,  Case  I 
projects  that  31  percent  of  the  total  ultimate  oil 
discoverable  in  these  frontier  areas  will  be  found 
during  the  next  15  years  compared  with  16  percent 
discovered  to  date.  Also,  the  older  onshore  areas 
will  be  nearing  the  ultimate  discoverable  estimates 
by  1985  as  shown  in  Table  43. 

Oil  Reserve  Additions 

The  procedure  for  determining  annual  oil  reserve 
additions  was  as  follows:  Using  the  regional  pro- 
jections of  oil-in-place  found  per  year,  primary 
reserve  additions  resulting  from  exploratory  effort 
each  year  were  calculated  by  applying  the  regional 
primary  recovery  factor  to  the  oil-in-place  dis- 
covered that  year.  Reserve  additions  from  applica- 
tion of  secondary  and  tertiary  operations  originate 
from  both  oil-in-place  found  in  prior  years  and 
that  found  during  the  projection  period.   Additional 


reserves  from  this  source  were  added  as  a  function 
of  length  of  time  since  discovery.  In  each  region, 
the  future  recovery  efficiencies  were  projected 
based  upon  past  history,  expected  reservoir  char- 
acteristics and  related  reservoir  performance. 

The  composite  U.S.  recovery  efficiency  resulting 
from  application  of  this  methodology  was  consis- 
tent with  the  trend  experienced  over  the  last  15 
years,  as  shown  in  Figure  12. 

In  addition  to  determining  crude  oil  reserve 
additions  in  this  manner,  reserve  additions  of  asso- 
ciated-dissolved natural  gas  found  in  the  same 
reservoirs  with  the  oil  were  estimated.  The  his- 
torical ratios  of  associated-dissolved  gas  reserves 
added  per  unit  of  crude  oil  reserves  were  applied 
to  the  crude  reserve  additions  calculated  for  each 
year. 

A  projection  of  the  total  reserve  additions  result- 
ing from  new  oil-in-place  found  and  additional 
recovery  efforts  on  both  old  and  new  oil-in-place 
(excluding  the  North  Slope)  is  shown  in  Figure  13. 
For  the  last  15  years,  the  reserve  additions  from 
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all  sources,  including  revisions,  have  remained  rela- 
tively constant  at  about  2.7  billion  barrels  per  year. 
Case  IV  projects  annual  reserve  additions  to  aver- 
age about  2.5  billion  barrels — about  10  percent 
below  historical  levels.  The  Initial  Appraisal 
showed  future  reserve  additions  averaging  2.8 
billion  barrels  per  year.  Case  I  reaches  a  maximum 
of  approximately  4.6  billion  barrels  per  year  during 
the  15-year  period  and  has  a  yearly  average  of  3.8 
billion  barrels.  This  is  41  percent  more  than  the 
industry  achieved  in  the  last  15  years. 

With  the  North  Slope  included  in  the  compari- 
sons, average  annual  reserve  additions  are  noted 
in  the  following  tabulation: 


1971-1985  Projected  (Billion  Barrels) 

1956-1970 

Case 

Actual 

I                    II                  III                  IV 

3.3 

4.4               4.1               3.5               2.9 

The  reserve  additions  by  region  for  the  1971- 
1985  period  are  summarized  and  compared  with 
the  experience  of  the  previous  15  years  in  Table 


44.  This  table  demonstrates  the  sizable  contribu- 
tion that  will  be  required  from  the  frontier  areas 
of  offshore  and  Alaska,  including  the  North  Slope. 
For  these  areas,  1.7  times  the  reserves  booked  in 
the  past  15  years  are  projected  for  addition  during 
the  1971-1985  period  in  Case  I.  Additions  for  this 
case  in  the  more  mature  lower  48  state  onshore 
areas  are  projected  to  be  18  percent  higher  than 
historical  experience,  largely  as  a  result  of  the 
application  of  additional  recovery  processes. 

Figure  14  shows  a  typical  distribution  of  the 
reserve  additions  resulting  from  different  recovery 
mechanisms  for  one  of  the  intermediate  cases 
(Case  II).  This  demonstrates  the  significance  of 
the  secondary  and  tertiary  recovery  projections. 
Over  the  last  15  years,  the  reserve  additions  result- 
ing from  improved  recovery  efficiency  have  steadily 
increased  from  about  29  percent  of  the  total  reserve 
additions  in  1956  to  67  percent  in  1970;  however, 
reserve  additions  resulting  from  exploration  have 
steadily  declined.  During  this  historical  period, 
improved  recovery  has  averaged  about  0.9  billion 
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Figure  11.    Cumulative  Oil-in-Place  Discovered.* 


barrels  per  year,  increasing  to  2  billion  barrels  in 
1970. 

In  1985  for  Case  II,  the  contribution  of  improved 
recovery  processes  is  about  60  percent  of  the  an- 
nual reserve  additions  in  that  year.  The  impact  of 
tertiary  recovery  processes  gradually  increases  with 
time  so  that  in  1985  about  25  percent  of  the  total 
reserves  added  are  provided  by  new  recovery 
processes.  These  processes  are  now  in  the  research 
and  development  stage  and  are  not  commercially 
applicable  at  present  prices. 

Oil  Production 

Oil  production  was  scheduled  as  a  function  of 
the  reserves  remaining  at  the  beginning  of  each 
year  for  each  region  using  fractions  for  production 
as  a  function  of  reserves.  This  fraction  is  the  recip- 
rocal of  the  commonly  used  reserves/production 
ratio  (R/P).  Over  the  last  10  years,  the  total  U.S. 


R/P  has  declined  as  excess  producing  capacity  was 
utilized.    This  trend  is  shown  in  Table  45. 

Currently,  the  net  excess  capacity  (excluding  the 
East  Texas  field  and  the  emergency  reserves  in 
Naval  Petroleum  Reserve  No.  1  [NPR-1])  is  less 
than  0.5  MMB/D.  Without  any  significant  excess 
capacity  remaining,  the  declining  R/P  trend  must 
level  off,  and  the  ratio  will  be  approximately  con- 
stant in  the  future  at  the  current  level. 

Projected  total  U.S.  crude  oil  production,  includ- 
ing the  North  Slope,  for  the  six  cases  and  the 
Initial  Appraisal  is  shown  in  Table  46  and  Figures 
15  and  16. 

Over  the  last  15  years,  crude  production  has 
increased  gradually  from  about  7  MMB/D  in  1956 
to  9.1  MMB/D  in  1971.  Future  production  for 
Case  IV,  in  which  drilling  activity  continues  its 
historical  downtrend,  is  projected  to  decline  to 
7.6  MMB/D  by  1980.    North  Slope  production  is 
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TABLE  41 

REGIONAL  OIL-IN-PLACE  DISCOVERED-TOTAL  UNITED  STATES 
(Billion  Barrels) 

Region 

Lower  48  Onshore 

Ultimate 

Discoverable 

OIP 

OIP 
Discovered 
to  1/1/71 

OIP  Discovered  1971- 
Case 

-1985 

Initial 
Appraisal 

II 

III 

IV 

2  Pacific  Coast 

3  Western  Rocky  Mtns. 

4  Eastern  Rocky  Mtns 

5  West  Texas  Area 

6  Western  Gulf  Coast  Basin 

7  Midcontinent 

8-10       Michigan,  Eastern  Interior 
and  Appalachians 
11               Atlantic  Coast 

101.9 
43.6 
52.4 
151.6 
109.0 
63.0 

36.5 
3.8 

80.0 

5.8 

23.9 

2.6 

1.6 
7.9 

2  1 
1.4 
6.6 
69 
10.4 
3.4 

4.4 
0.8 

1,7 
0.8 
2.9 
4.6 
6.3 
2.3 

2.2 
0.5 

1.1 
0.6 
1.9 
3.2 
4.0 
1.5 

1,5 
0.3 

3.4 
12 
5.2 
2.0 
3.1 
27 

2,1 

106.4 
79.7 
58.4 

30.5 
0.2 

8.7 
11.8 
3.9 

4.9 
1.0 

Total 

561.8 

384.9 

42.4 

36.0 

21.3 

14.1 

19.7 

Offshore  and  Alaska 

1                Southern  Alaska  Including 

Offshore 
2A            Pacific  Ocean 
6A            Gulf  of  Mexico 
11A            Atlantic  Ocean 

26.0 
49.6 
38.6 
14.4 

2.9 
1.9 
11.5 
0 

11.6 

20.2 

13.6 

2.2 

10.4 
17.0 
12.5 

1.5 

6.7 

12.6 

8.8 

1.3 

4.6 
7.2 
6,1 
0.5 

4,7 
3.7 
13.0 

Total 

128.6 

16.3 

47.6 

41.4 

29.4 

18.4 

21.4 

Total  United  States    (Ex.  North  Slope) 

690.4 

401.2 

90.0 

77.4 

50.7 

32.5 

41.1 

Alaskan  North  Slope 

Onshore 
Offshore 

72.1 
47.9 

240 
0 

29.0 
0 

23.3 
0 

23.3 
0 

15.2 
0 

0 
0 

Total 

120.0 

24.0 

29.0 

23.3 

23.3 

15.2 

0 

Total  United  States 

810.4 

425.2 

119.0 

100.7 

74.0 

47.7 

41.1 

initiated  in  1981,  and  the  total  U.S.  rate  increases 
to  9.4  MMB/D  by  1985. 

The  Initial  Appraisal  assumed  that  North  Slope 
oil  would  begin  flowing  in  1975,  but  subsequent 
delays  in  approval  of  the  pipeline  have  proved 
this  to  be  an  unrealistic  expectation.  Initiation  of 
North  Slope  production  for  Cases  I  through  III  is 
assumed  to  occur  in  1976.  This  explains  the  sharp 
increase  in  total  U.S.  production  in  that  year.  The 
production  decline  shown  in  the  near  future  is  a 
result  of  the  inevitable  time  lag  between  increasing 
exploratory  activity  and  realization  of  the  resulting 
increased  production.  Once  the  results  of  the  in- 
creased exploratory  activity  begin  to  be  felt,  along 


with  the  impact  of  North  Slope  startup,  U.S.  pro- 
duction is  projected  to  increase  to  1985  levels  of 
10.6  to  13.5  MMB/D  for  these  expansion  cases. 
These  volumes  exceed  the  Initial  Appraisal  starting 
in  the  late  1970's,  even  though  the  Initial  Appraisal 
had  the  benefit  of  higher  drilling  rates  in  the  early 
1970's  and  North  Slope  production  beginning  a 
year  earlier. 

Figure  17  depicts,  for  Case  II  as  an  example,  the 
components  of  U.S.  crude  production  by  recovery 
mechanism  as  well  as  showing  whether  or  not  the 
reserves  were  discovered  before  1971.  A  tremen- 
dous amount  of  reserves  have  already  been  found 
on  the  North  Slope.    However,  some  additional  oil 
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TABLE  42 
OILDISCOVERED-1971  1985 


I  Discovered  1971  1985 
(Billion  Barrels) 


United  States 

(ex.  North  Sir 
North  Slope 
Total  United  St. 


90  0 
29  0 
119.0 


32  5 
152 
47.7 


.  of  Ultimate  OIP  Discovered 


To  1/1/71 

United  States 

(ox.  North  Slope) 

58 

North  Slope 

20 

Total  United  States 

52 

must  be  found  in  the  future  to  support  2.0  MMB/D 
production  rate  projected  for  this  area.  No  at- 
tempt has  been  made  to  split  this  area  between 
the  new  and  old  field  categories;  rather,  it  is  shown 
separately  to  illustrate  its  impact  on  production 
volumes. 

Over  the  last  15  years,  production  from  primary 
reserves  has  remained  fairly  constant  at  5.0  to  5.5 
MMB/D,  while  production  from  fields  in  which 
some  sort  of  additional  recovery  project  is  under- 
way has  grown  from  about  1.5  to  3.5  MMB/D. 
Despite  declining  drilling  and  reserve  additions, 
no  appreciable  decline  in  primary  production  has 
been  apparent,  largely  because  substantial  spare 
capacity  was  available  during  this  time  period. 
Now  that  this  spare  capacity  no  longer  exists,  a 
normal  decline  is  projected  to  ensue. 

If  no  new  fields  were  found  after  1970,  lower 
48  states  primary  production  would  decline  from 
5.5  MMB/D  in  1970  to  about  1.0  MMB/D  in 
1985— -a  drop  of  over  80  percent.  Although  heavy 
application  of  secondary  and  tertiary  recovery  pro- 
cesses would  mitigate  this  decline,  the  current  9.1 
MMB/D  would  still  decline  by  40  percent  to  5.5 
MMB/D  by  the  end  of  the  period.  By  1985,  these 
additional  recovery  projects  are  expected  to  account 
for  about  80  percent  of  production  from  reservoirs 
discovered  before  1971. 

Of  the  total  1985  production  rate  of  12.2 
MMB/D  projected  for  Case  II,  the  North  Slope 


will  account  for  16  percent,  old  reserves  will  con- 
tribute 45  percent,  and  new  discoveries  made  in 
1971  and  later  years  must  account  for  39  percent. 
The  nearly  4.7  MMB/D  of  production  from  new 
discoveries  is  the  equivalent  of  over  two-thirds  of 
the  average  daily  production  from  1956  to  1965 
for  the  whole  country.  Most  of  these  newly  dis- 
covered reserves  will  still  be  producing  under  pri- 
mary recovery  mechanisms  by  1985.  However,  this 
new  oil  will  provide  the  basis  for  application  of 
current  and  improved  additional  recovery  tech- 
niques. These  techniques  should  have  at  least  as 
much  impact  on  production  from  new  fields  after 
1985  as  they  are  projected  to  have  during  the  next 
15  years  on  currently  known  reserves. 

Figure  18  presents  a  breakdown  of  daily  produc- 
tion by  geographic  area  for  Case  II.  As  shown, 
lower  48  onshore  production  just  about  holds  its 
own  throughout  the  1971-1985  period.  During 
this  same  period,  production  from  offshore  is  pro- 
jected to  almost  double.  In  1985,  for  Case  II,  61 
percent  of  the  total  U.S.  production  will  be  pro- 
vided by  the  onshore  areas  of  the  lower  48  states 
while  39  percent  will  be  provided  by  offshore  and 
Alaska,  including  the  North  Slope.  The  size  of 
this  projected  increase  in  volumes  from  frontier 
areas  emphasizes  the  need  for  making  lands  avail- 
able for  exploration  in  these  regions. 

Figures  19  and  20  demonstrate  that  the  total  of 
petroleum  liquids  production  in  1985  ranges  from 
about  10.4  MMB/D  to  about  15.5  MMB/D.  This 
amounts  to  as  much  as  50  percent  more  than  the 
supply  projected  in  the  Initial  Appraisal.  However, 
even  in  the  more  optimistic  cases,  the  lead  time 
requirements  are  such  that  little  improvement  is 
realized  until  after  1975. 

Associated-Dissolved  Gas  Production 

Associated-dissolved  gas  produced  for  each  of 
the  cases  was  derived  from  regional  gas/oil  ratios 
based  on  historical  experience.  A  13-percent  reduc- 
tion factor  for  lease  use,  fuel  and  losses  based  on 
historical  data  was  used  to  convert  associated- 
dissolved  gas  production  totals  to  marketed  gas 
volumes. 

Supply— Gas 

Ultimately  Discoverable  Gas 

The  definition  of  ultimate  gas  discoverable  was 
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TABLE  43 

REGIONAL  OILIN-PLACE  DISCOVERED-TOTAL  UNITED  STATES 

%0F  ULTIMATE  DISCOVERABLE 

(Billion  Barrels) 

Ultimate 

Discoverable 

OIP 

%  of  Ultimate 
Discovered 
to  1/1/71 

%  of  Ultimate  OIP  Discovered  to  1/1/86 
Case 

_l_ 

JI_ 

III 

IV 

Region 

Lower  48  Onshore 

2              Pacific  Coast 

101.9 

79 

81 

81 

80 

80 

3              Western  Rocky  Mtns. 

43.6 

13 

17 

17 

15 

15 

4               Eastern  Rocky  Mtns. 

52.4 

46 

60 

58 

51 

49 

5              West  Texas  Area 

151.6 

70 

76 

75 

73 

72 

6              Western  Gulf  Coast  Basin 

109.0 

73 

84 

83 

79 

77 

7              Midcontinent 

63.0 

93 

99 

98 

96 

95 

8-10       Michigan,  Eastern  Interior 

and  Appalachians 

365 

84 

97 

96 

90 

88 

11                Atlantic  Coast 

3.8 

5 

32 

26 

18 

13 

Total 

561.8 

69 

76 

75 

72 

71 

Offshore  and  Alaska 

1               Southern  Alaska  Including 

Offshore 

26.0 

11 

56 

51 

37 

29 

2A           Pacific  Ocean 

49.6 

4 

45 

38 

29 

18 

6A            Gulf  of  Mexico 

38.6 

30 

65 

62 

53 

46 

11A            Atlantic  Ocean 

14.4 

0 

15 

10 

9 

3 

Total 

128.6 

13 

50 

45 

36 

27 

Total  United  States   (Ex.  North  Slope 

690.4 

58 

71 

69 

65 

63 

Alaskan  North  Slope 

Onshore 

72.1 

33 

74 

66 

66 

54 

Offshore 

47.9 

0 

0 

0 

0 

0 

Total 

120.0 

20 

44 

39 

39 

33 

Total  United  States 

810.4 

52 

67 

65 

62 

58 

derived  by  combining  the  volumes  of  past  produc- 
tion and  current  proved  reserves  with  the  Potential 
Gas  Committee  (PGC)  estimate  of  the  remaining 
potential  supply  of  natural  gas.*  The  PGC  makes 
an  estimate  every  2  years  of  potential  gas  supply 
remaining  to  be  discovered.  Each  revision  reflects 
changes  in  technology  and  results  of  exploration 
and  development  that  have  occurred  in  the  preced- 
ing 2  years.    Some   reallocation   was  necessary   to 


*  Potential  Supplxi  of  Natural  Cas  in  the  United  States 
(as  of  December  51,  igyo).  a  Potential  Gas  Committee 
report  sponsored  by  Potential  Cas  Agency,  Mineral  Re- 
sources Institute,  Colorado  School  of  Mines  Foundation, 
Inc.   (October  1071). 


make  the  PGC  area  estimates  coincide  with  NPC 
regions.  All  reserves  and  production  volumes  re- 
ported herein  are  on  the  same  bases  as  volumes 
reported  by  the  American  Gas  Association  (AGA) 
and  the  PGC. 

As  estimated  by  the  PGC,  62  percent  of  the 
potential  supply  of  1,178  TCF  of  natural  gas  in 
the  United  States,  including  associated-dissolved, 
is  situated  in  operationally  difficult  or  frontier 
areas — approximately  14  percent  is  below  15,000 
feet  onshore,  20  percent  is  offshore  and  28  percent 
is  in  Alaska. 

Associated-dissolved  gas  potential  was  estimated 
by  applying  historical  gas  oil  ratios  to  potential  oil 
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resources.  These  estimates  of  associated-dissolved 
potential  gas  were  subtracted  from  the  PGC  esti- 
mates to  arrive  at  non-associated  potential  gas. 
Table  47  shows  non-associated  gas  potential,  pre- 
viously discovered  gas,  and  ultimate  recoverable 
gas  (the  sum  of  potential  and  discovered)  by  NPC 
region.  Associated-dissolved  gas  potential  is  esti- 
mated to  be  141.5  TCF,  and  past  discoveries  (as  of 
year-end  1970)  of  associated-dissolved  gas  amount- 
ed to  215.2  TCF.  These  estimates,  when  added  to 
ultimate  non-associated  gas  supply  of  1,500.6  TCF, 
result  in  an  estimate  of  1,857.3  TCF  of  ultimate 
discoverable  gas  in  the  United  States.  Some  addi- 
tional published  estimates  of  ultimately  discover- 
able natural  gas  originally  in  place  are  shown  in 
Table  48. 

There  is  a  possibility  that  utilization  of  nuclear 
or  other  massive  fracturing  devices  might,  in  the 
future,  recover  additional  quantities  of  natural  gas 
from  low  permeability  reservoirs  which  are  not 
productive  in  commeicial  quantities  under  conven- 
tional productive  methods.   This  possibility  has  not 


been  reflected  in  PGC  estimates  of  potential  supply. 

Finding  Rates  for  Non-Associntcd  Gas 

The  AGA  annual  estimates  of  reserve  additions 
in  the  lower  48  states  provided  the  data  used  for 
developing  the  two  finding  rates.  The  AGA's  pub- 
lished data  for  years  prior  to  1966  does  not  show 
non-associated  gas  reserve  additions  separately 
from  associated-dissolved  gas.  Therefore,  an  allo- 
cation was  made  for  these  earlier  years  using  U.S. 
Bureau  of  Mines  production  data  in  conjunction 
with  the  published  AGA  data  to  arrive  at  regional 
non-associated  gas  reserve  additions. 

Annual  finding  rates  for  non-associated  natural 
gas  have  fluctuated  widely  in  the  past,  ranging 
from  140  MCF  to  408  MCF  per  foot  drilled  since 
1955.  Two  different  statistical  methods  of  analyz- 
ing these  data  were  employed  to  arrive  at  the 
projected  high  and  low  finding  rates.  One  method 
was  to  fit  a  "growth  curve"  to  the  historical  rela- 
tionship between  cumulative  gas  reserves  found 
and  cumulative  gas  footage  drilled  since  1955  for 
each  region.    This  statistical  treatment  resulted  in 
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Figure  12.    Cumulative  Oil   Recovery  Efficiency   (Percent  of  Oil-in-Place).* 
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a  U.S.  gas  finding  rate,  designated  the  "high  find- 
ing rate"  (Cases  I,  II  and  IVA).  During  the  period 
1971-1985,  this  rate  is  projected  to  reach  a  high 
point  of  about  350  MCF  per  foot  drilled,  and  in 
Case  I  this  rate  ultimately  drops  to  approximately 
265  MCF  per  foot  drilled. 

The  "low  finding  rate"  (Cases  lA,  III  and  IV) 
for  non-associated  gas  per  foot  of  hole  drilled  was 
estimated  regionally  by  fitting  a  modified  exponen- 
tial curve  to  historical  data,  using  the  method  of 
least  squares.  This  was  statistically  applied  to  the 
historical  relationship  between  the  annual  amount 
of  non-associated  gas  found  per  foot  of  hole  drilled 
and  cumulative  footage  drilled  for  gas  during  the 
15-year  period  1956-1970.  During  the  1971-1985 
period,  this  rate  is  projected  to  reach  a  high  of 
about  240  MCF  per  foot  drilled  and  to  decline 
gradually    to    slightly   below    200    MCF    per    foot 


drilled  in  Case  lA. 

In  all  cases,  both  the  high  and  low  finding  rates 
experience  a  decline  during  the  15-year  period 
1971-1985.  The  reason  is  that  both  statistical  sys- 
tems are  properly  reflecting  the  declining  proba- 
bility of  maintaining  these  rates  at  a  constant  level 
as  the  volume  of  rcinaiiiin^  potential  reserves  to 
be  found  decreases. 

The  average  finding  rate  for  the  lower  48  states 
is  the  weighted  average  of  the  projected  regional 
finding  rates.  Figure  21  shows  the  average  finding 
rate  for  the  lower  48  states  plotted  against  cumula- 
tive footage  since  1946  as  well  as  the  projected 
high  and  low  finding  rates.  The  figure  shows  that 
the  projected  finding  rates  compare  favorably  with 
the  range  and  trend  of  finding  rates  experienced 
since  1946. 


*  Excluding  North  Slope  reserve  additions. 


Figure   13.    Oil   Reserve   Additions.* 
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TABLE  44 

REGIONAL  CRUDE  OIL  RESERVE  ADDITIONS 

-TOTAL  UNITED  STATES 

(Billion  Barrels) 

Region 

Reserves 

Added 

1956-1970 

Reserves  Added  1971-1985 
Case 

Initial 
Appraisal 

II 

III 

IV 

Lower  48  Onshore 

2              Pacific  Coast 

4.8 

4.6 

4.5 

4.4 

42 

5.1 

3               Western  Rockv  Mtns. 

1.1 

0.6 

0.6 

0.4 

0.4 

0.5 

4               Eastern  Rocky  Mtns. 

2.9 

3.1 

2.7 

1.6 

13 

24 

5               West  Texas  Area 

10.7 

10.5 

10.1 

9.6 

9.1 

89 

6               Western  Gulf  Coast  Basin 

92 

15,2 

14.5 

12.6 

11.5 

11  0 

7               Midcontment 

40 

3.8 

3.7 

33 

3.0 

34 

8-10       Michigan,  Eastern  Interior 

and  Appalachians 

14 

23 

22 

1.4 

1.2 

13 

11               Atlantic  Coast 

0,1 

0.3 

0.3 

0.2 

0.1 

0 

Total 

34.2 

40.4 

38.6 

33.5 

30.8 

32.6 

Offshore  and  Alaska 

1               Southern  Alaska  Including 

Offshore 

0.9 

38 

34 

24 

1.7 

1.7 

2A            Pacific  Ocean 

0.3 

49 

4.2 

3  1 

18 

1.0 

6A            Gulf  of  Mexico 

5.0 

7.0 

6.4 

4.6 

33 

6.6 

llA            Atlantic  Ocean 

0 

0.7 

0.5 

0.4 

0.2 

0 

Total 

6.2 

16.4 

14.5 

10.5 

7.0 

9.3 

Total  United  States   (Ex.  North  Slope) 

40.4 

56.8 

53.1 

44.0 

37.8 

41.9 

North  Slope 

Onshore 

9.6 

9.7 

7.8 

7.8 

5.1 

0 

Offshore 

0 

0 

0 

0 

0 

0 

Total 

9.6 

9.7 

7.8 

7.8 

5.1 

0 

Total  United  States 

50.0 

66.5 

60.9 

51.8 

42.9 

41.9 

Gas  Drilling  Activity 

Three  rates  of  drilling  were  projected  to  encom- 
pass a  reasonable  range  of  variation  in  this  activity. 
The  high  drilling  rate  (Cases  I  and  lA)  assumed 
that  1971  footage  would  increase  by  a  5.4-percent 
annual  average  increase  over  the  15-year  period. 
High  growth  drilling  increases  5  percent  the  first 
year,  reaching  9  percent  in  1980  by  0.5-percent 
annual  increments,  and  tapers  off  to  a  level  rate 
by  1955.  The  medium  drilling  rate  (Cases  II  and 
III)  assumes  a  3.0-percent  annual  average  over  the 
15-year  period;  it  follows  the  same  pattern  as  the 


high  rate  but  starts  at  2  percent  and  reaches  5 
percent  in  1980.  The  low  drilling  rate  (Cases  IV 
and  IVA)  assumed  that  the  4-percent  average  an- 
nual decrease  in  drilling  experienced  from  1961 
to  1970  would  continue  to  1985. 

Figure  22  shows  the  total  allocated  footage 
drilled  for  gas  from  1956  to  1970  and  the  projected 
footage  for  1971  to  1985  for  the  three  drilling 
rates.  The  high  drilling  rate  results  in  approxi- 
mately 88  million  feet  of  gas  drilling  in  1985, 
compared  to  the  past  peak  year  of  1961  when  gas 
drilling  amounted  to  about  62  million  feet. 


M 


REVISIONS — 

IMPROVED  PRIMARY. 
SECONDARY,  AND  TERTIARY 


SECONDARY 


NEW  OILS — 

NEW  FIELDS,  NEW 
POOLS,  AND  EXTENSIONS 


Figure  14.    Oil   Reserve  Additions   (Case  II). 


The  projected  number  of  productive  gas  wells 
in  1985  in  Cases  I  and  lA  total  about  the  same  as 
those  drilled  in  1961 — approximately  6,000  wells 
in  both  years  (see  Figure  23),  reflecting  that  the 
industry  will  have  to  drill  to  increasingly  greater 
depths  in  the  future  and  that  the  average  depth  of 
productive  gas  wells  will  continue  to  increase. 
Average  depth  of  productive  gas  wells  increases 
approximately  1,700  feet  between  actual  1970 
experience  and  the  projection  made  for  1985. 

Figure  24  shows  the  increase  in  actual  well  depth 
experienced  during  the  1956-1970  period  and  the 
projection  of  increasing  average  well  depth  through 
1985,  which  is  a  continuation  of  the  historical 
trend. 


major  considerations  used  in  arriving  at  these 
projections  were  the  gas  potential  remaining  to  be 
found  in  each  region,  the  historical  trends  of  gas 


"ABLE  45 

PRODUCTION  AS  A  FUNCTION  OF  RESERVES 

Prod 

uction  as  % 

R/P 

of  Rema 

ining  Reserves 

1955 

122 

82 

1960 

128 

78 

1965 

11.5 

8.7 

1970 

89 

11  2 

'    Regional  Distribution  of  Gas  Drilliiiy  Effort 

I         One  of  the  important  judgments  required  is  the 

I     regional    distribution    of    gas    drilling    effort,    i.e., 

the  amount  of  footage  drilled  for  gas  in  each  region 

for  each  year  for  the  1971-1985  period.    The  three 


reserves  found  per  foot  drilled  in  each  region, 
and  the  historical  drilling  distribution  among  the 
regions. 

The  projection  of  regional  drilling   distribution 
for   the   1971-1985   period,   along   with   the   actual 
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Figure  15.    U.S.   Crude  Oil   Production — Low  Finding  Rate. 


distribution    for   the   3-year   period    1968-1970,   is 
shown  in  Table  49. 

Gas  Reserve  Additions 

Natural  gas  reserve  additions  projected  for  the 
lower  48  states  in  the  case  studies,  along  with  the 
gas  footage  drilled,  are  shown  in  Figures  25,  26 
and  27.  Figure  28  shows  historical  annual  gas 
reserve  additions  and  projections  for  the  lower  48 
states.  Figure  29  shows  the  cumulative  gas  dis- 
covered through  1970  and  the  projected  cumulative 
gas  discovered  for  the  four  principal  cases;  it 
shows  both  absolute  volumes  and  percentages  of 
ultimate  discoverable  gas.  Both  non-associated  and 
associated-dissolved  additions  are  included. 

During  the  1956-1970  period,  total  gas  reserve 
additions  averaged  slightly  less  than  18  TCF  per 
year  in  the  lower  48  states.  The  peak  year  in  gas 
reserve  additions  for  all  past  history  was  1956 
when  nearly  25  TCF  were  added.  During  the 
3-year  period  1968-1970,  reserve  additions  aver- 
aged only  about  11  TCF  per  year.  In  the  lowest 
supply  case  postulated  (Case  IV),  gas  reserve  addi- 


tions are  projected  to  decline  from  about  11  TCF 
in  1970  to  about  6  TCF  in  1985.  In  the  highest 
supply  case  (Case  I),  gas  reserve  additions  are 
projected  to  increase  to  about  26  TCF  in  1985. 

A  little  over  31  TCF  of  gas  have  been  discovered 
in  Alaska,  of  which  26  TCF  of  associated-dissolved 
gas  were  booked  on  the  North  Slope  in  1970. 
Estimated  annual  average  non-associated  and  asso- 
ciated-dissolved gas  reserve  additions  in  Alaska 
for  the  15-year  period  1971-1985  are  tabulated 
below. 


Case  I 

4.2  TCF/year 

Case  II 

3.3  TCF/year 

Case  III 

2.4  TCF/year 

Case  IV 

1.3  TCF/year 

Table  50  shows  by  region  the  cumulative  non- 
associated  gas  reserve  additions  projected  in  the 
various  cases  studied.  This  table  also  shows  the 
historical  non-associated  gas  reserve  additions  by 
region.  Table  47,  which  includes  Alaska,  shows 
that  464.1  TCF  of  non-associated  gas  had  been 
discovered  prior  to  1971.    This  is  30.9  percent  of 
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Figure  16.    U.S.  Crude  Oil  Production — High  Finding  Rate. 


the  estimated  ultimate  supply  of  non-associated 
gas.  In  the  highest  supply  case  (Case  I),  an  addi- 
tional 358.8  TCF  are  projected  to  be  discovered  in 
the  1971-1985  period.  This  would  indicate  that 
54.8  percent  of  the  ultimate  non-associated  gas 
supply  would  be  discovered  by  the  end  of  1985. 


In  the  lowest  supply  case  (Case  IV),  a  total  of 
120.1  TCF  of  non-associated  gas  reserves  are 
added  in  the  1971-1985  period,  meaning  that  38.9 
percent  of  the  ultimate  would  be  discovered  by  the 
end  of  1985. 

Table  51   shows   regionally  the  percent  of  ulti- 


TABLE  46 

DAILY  CRUDE  OIL  PRODUCTION- 

(MMB/D) 

TOTAL  UNITED  STATES 

Initial 
Appraisal 

Case 

1 

lA 

II 

III 

IVA 

IV 

1971 

9.10 

9.10 

9.10 

9.10 

9.10 

9.10 

9.10 

1975 

9.15 

8.52 

8.17 

8.48 

8.14 

8.33 

8.04 

1980 

10.10 

11.76 

10.58 

11.22 

10.16 

8.28 

7.58 

1985 

9.87 

13.54 

11.64 

12.19 

10.55 

10.33 

9.38 

87 
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Figure  17.    Daily  Crude  Oil  Production   (Case  II) — Total  United  States. 
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Figure  18.    Daily  Crude  Oil  Production   (Case  II) — Total  United  States. 
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mate  non-associated  gas  reserves  discovered  at  the 
end  of  1970  and  the  percent  of  ultimate  which 
would  be  found  by  the  end  of  1985  in  each  of  the 
cases  studied. 


Gas  Production 


For  the  purpose  of  developing  non-associated  gas 
production  schedules  for  each  region,  percentage/ 
production  schedules  were  established  for  both 
proved  reserves  as  of  December  31,  1970,  and  for 
projected  future  reserve  additions.  Each  of  the 
schedules  was  expressed  in  annual  percentages  of 
the  particular  reserve  category  involved. 

Historical  deliverability  characteristics  applicable 
to  each  of  the  regions  were  employed  in  developing 
these  schedules.  The  availability  of  gas  is  prin- 
cipally a  function  of  reservoir  characteristics.  The 
average  deliverability  characteristics  of  all  wells  in 
the  lower  48  states  were  arrived  at  by  analysis  of 
data  reported  to  the  FPC  on  Form  15  reports  filed 
by  the  interstate  pipelines.    Based   on   further   re- 


gional investigation,  availability  characteristics  for 
Regions  5,  7  and  11  were  assumed  to  conform  to 
the  above  average;  Regions  3,  4,  8,  9  and  10  were 
assumed  to  have  80  percent  of  the  average  avail- 
ability capacity;  and  Regions  2,  2 A,  6  and  6A,  and 
the  North  Slope  were  assumed  to  have  125  percent 
of  the  average.  Southern  Alaska  was  assumed  to 
produce  4  percent  of  remaining  reserves  each  year, 
and  the  eastern  offshore  (llA)  was  assumed  to 
produce  5  percent  of  the  remaining  reserves  each 
year.  Regional  production  volumes  were  summed 
to  obtain  total  production.  A  6.5-percent  reduction 
factor  for  lease  use  and  fuel,  based  on  historical 
data,  was  applied  to  these  production  volumes  to 
arrive  at  marketed  non-associated  gas  production. 
Table  52  shows  1970  wellhead  production  and 
year-end  proved  reserves  of  non-associated  gas  for 
the  lower  48  states.  Figure  30  shows  actual  well- 
head production  of  non-associated  and  associated- 
dissolved  gas  for  the  period  1955-1970  for  the  total 
United  States  and  projected  production  for  the  four 
primary  cases  studied.  Figure  30  also  shows  the 
effect  that  finding  rates  have  on  projected  produc- 
tion by  comparing  Cases  II  and  III.  Projected  pro- 
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Figure  20.    U.S.  Total  Liquids  Production — High   Finding  Rate. 


duction  for  Case  II,  which  utilizes  the  high  finding 
rate,  is  26.5  TCF  annually  in  1985.  Projected  pro- 
duction for  Case  III,  which  assumes  the  same  drill- 
ing activity  as  Case  II  but  utilizes  the  low  finding 
rate,  is  only  20.4  TCF  annually  in  1985 — a  differ- 
ence of  about  6  TCF. 

The  rapid  growth  in  gas  production  in  the  1960's 
was  a  response  to  the  rapid  growth  in  demand. 
This  growth  reflected  the  desirability  of  gas  as  a 
fuel,  the  large  backlog  of  proved  reserves,  and 
FPC  pricing  policies  which  held  gas  prices  far 
below  their  competitive  level  in  the  marketplace. 
Although  demand  will  continue  to  grow,  there  is 
no  longer  a  backlog  of  proved  reserves  to  support 
the  approximately  6-percent  annual  average  rate 
of  increase  in  production  achieved  in  the  1960's. 
Further  increases  in  gas  production  will  depend  on 
reserve  additions  made  in  the  future. 

Marketed  Gas  Production 

Marketed  production  volumes  are  arrived  at  by 
reducing  non-associated  and  associated-dissolved 
wellhead  production  by  factors  of  6  percent  and 
13  percent,  respectively.    These  reductions,  which 


cover  lease  use,  fuel  use  and  losses,  are  based  on 
historical  data. 

Table  53  shows,  by  region,  the  projected  cumula- 
tive marketed  gas  production  during  the  1971-1985 
period  for  all  the  cases  studied,  ranging  from  ap- 
proximately 263  TCF  (Case  IV)  to  353  TCF  (Case 
I).  Figure  31  shows  marketed  gas  for  the  United 
States  projected  in  the  cases  utilizing  the  high 
finding  rate  (Cases  I,  II  and  IVA).  Figure  32  shows 
the  marketed  gas  for  the  United  States  projected 
in  the  cases  utilizing  the  low  finding  rate  (Cases 
lA,  III  and  IV). 

Natural  Gas  Liquids  (NGL) 

Natural  gas  liquids  are  produced  with  both  non- 
associated  and  associated-dissolved  gas.  Liquid  gas 
ratios  for  both  reserve  additions  and  production 
were  calculated  by  region  on  the  basis  of  historical 
data.  These  calculations  were  made  separately  for 
non-associated  and  associated-dissolved  gas.  The 
ratios  derived  were  then  applied  to  projected  gas 
reserve  additions  and  resulting  gas  production  to 
determine  NGL  reserve  additions  and  production. 
The  liquids  were  subdivided  on  the  basis  of  recent 
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TABLE  47 

RECOVERABLE  GAS  SUPPLY 

Region 

TCP 

Remaining  Discoverable 

%of 
TCP                 Ultimate 

Ultimate 

Discoverable 

Gas 

Gas 
Discovered 
to  1/1/71 

Lower  48  States-Onshore 
2              Pacific  Coast 

Non-Associated 

257 

8  1 

17.6 

685 

3               Western  Rocky  M 

tns. 

50.1 

17,9 

32.2 

64.3 

4               Eastern  Rocky  Mtns. 

51.6 

10.0 

41.6 

80.6 

5              West  Texas  Area 

101  5 

27.2 

74  3 

73.2 

6               Western  Gulf  Coast  Basin 

397.9 

211.7 

186.2 

46.8 

7               Midcontlnent 

223.3 

104.8 

118.5 

53.1 

8-9          Michigan,  Eastern 

Interior 

125 

04 

12  1 

96.8 

10              Appalachians 

959 

33.0 

629 

65.6 

11                Atlantic  Coast 

4.6 

0.01 

46 

998 

Total 

963.1 

413.1 

550.0 

57.1 

Lower  48  States-Offshore 

2A            Pacific  Ocean 

38 

0.5 

33 

86.8 

6A            Gulf  of  Mexico 

201.8 

454 

1564 

775 

11A            Atlantic  Ocean 

545 

- 

545 

1000 

Total 

260.1 

45.9 

214.2 

82.4 

Total  United  States   (Ex.  Alaska) 

1,223.2 

459.0 

764.2 

62.5 

Alaska 

277.4 

5.1 

272.3 

98.2 

Total  United  States 

1,500.6 

464.1 

1,036.5 

69.1 

Total  United  States 

Associated-Dissolved 

356.7 

215.2 

141.5 

39.7 

Total  United  States 

Non- 

Associated  and  Associated  Dissolved 

1,857.3 

679.3 

1,178.0 

63.4 

historical  production  into  condensate,  pentanes  and 
heavier,  and  LPG. 

Table  54  summarizes  the  annual  NGL  reserve 
additions,  and  Table  55  summarizes  daily  NGL 
production  in  the  lower  48  states.  In  1985,  reserve 
additions  range  from  about  149  MMB  (Case  IV) 
to  692  MMB  (Case  I),  and  daily  production  ranges 
from  997  to  1,921  MB/D  for  Cases  IV  and  I, 
respectively. 

Supplemental  Supply 

Supplemental  supplies  of  gas  result  from  coal 
gasification,  the  manufacture  of  substitute  natural 
gas  from  liquid  feedstocks,  and  the  application  of 
nuclear-explosive  technology.    Coal  gasification   is 


examined  in  Chapter  Five.   Discussion  of  SNG  and 
nuclear-explosive  stimulation  follows. 

Substitute  Natural  Gas 

The  shortage  of  natural  gas  that  will  be  experi- 
enced over  the  next  few  years,  as  well  as  the  long 
lead  times  required  for  large-scale  LNG  projects 
and  coal  gasification  plants,  has  forced  gas  sup- 
pliers and  distributors  to  look  for  an  interim  source 
of  supply  which  could  be  made  readily  available. 
This  interim  supply  source  will  likely  be  synthetic 
pipeline  gas  formed  from  petroleum  liquids.  In- 
dustry interest  in  SNG  is  evidenced  by  the  fact 
that   close   to   40   projects    have   been   announced 
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TABLE  48 

ESTIMATES  OF  NON-ASSOCIATED  AND  ASSOCIATED-DISSOLVED  GAS* 
(TCF) 

1970 
PGC 

1972 

uses 

1969 
Hubbert 

1959 

Weeks 

1970 
Moore 

1968 

Elliott  and 

Linden 

Lower  48  States 
Alaska 

1,877 
447 

3,556 
862 

1,312 
188 

-Not  Estimated  - 

Total  United  States 

2,324 

4,418 

1,500 

1,250 

1,934 

2,175 

•     P.  K.  Theobald,  S. 
C.rcular  No.  650  (July 

P.  Schweinfu 
1972). 

th  and  D.  C.  Du 

ncan.  Energy  Reso 

jrces  of  the  United  States.  U   S.  Gee 

logical  Survey, 

having  a  designed  output  of  over  2.5  TCF  of 
reformer  gas  per  year. 

Processes  to  produce  5NG  from  petroleum  li- 
quids have  been  available  for  some  time.  Those 
currently  receiving  tico  most  attention  are  the 
Catalytic  Rich  Gas  (CRG)  process,  which  was 
developed  by  the  Gas  Council  of  the  United 
Kingdom;  the  Methane  Rich  Gas  (MRG)  process, 
developed  by  the  Japan  Gasoline  Company;  and 
the  Lurgi  Gasynthan  process,  which  was  developed 
by  the  Lurgi  Company  of  Germany.  These  pro- 
cesses, for  the  most  part,  use  low-temperature 
catalytic  steam.  The  feedstocks  used  are  naphtha, 
other  lighter  hydrocarbons,  or  methanol.  The  out- 
put will  be  gas  of  1,000-BTU  quality  which  has 
been  upgraded  through  methanation  and  carbon 
dioxide  removal.  The  process  operates  at  93-  to 
95-percent  thermal  efficiency,  assuming  a  naphtha 
feedstock  with  a  heating  value  of  5  million  BTU's 
per  barrel. 

Most  of  the  plant  capacities  announced  assume 
construction  in  modules  with  total  capacities  rang- 
ing from  100  to  500  MCF  per  day.  All  plant  com- 
ponents, with  the  exception  of  catalysts  in  some 
cases,  are  available  in  the  United  States.  As  a 
general  rule,  each  100  million  cubic  feet  (MMCF) 
of  plant  output  will  require  a  raw  material  input 
of  about  20  to  25  thousand  barrels  of  hydrocarbon 
feedstock. 

Each  trillion  cubic  feet  of  SNG  output  will  re- 
quire plant  expenditures  of  approximately  $800 
million  to  $1  billion,  representing  a  tailgate  cost 
of  some  $0.20  to  $0.30  per  MCF.    Feedstock  costs 


represent  at  least  70  percent  of  the  total.  An- 
nounced project  prices  range  from  $1.00  to  $1.60 
per  MCF. 

Construction  companies  licensed  to  build  such 
plants  are  willing  to  begin  construction  immedi- 
ately, contracting  for  completion  on  a  turn-key 
basis  in  less  than  2  years.  In  practice,  this  rela- 
tively short  lead  time  could  prove  illusory  unless 
the  following  two  principal  conditions  are  satisfied: 

•  Feedstock  Requirements — Feedstock  require- 
ments for  the  SNG  plants  announced  to  date 
amount  to  approximately  1  MMB/D  of  light 
hydrocarbons,  a  volume  that  could  represent 
about  20  percent  of  refinery  capacity.  In  turn, 
the  crude  oil  that  would  have  to  be  dedicated 
to  provide  reforming  feedstock  would  total 
about  6  MMB/D,  or  about  10  percent  of 
world  petroleum  demand  at  this  time.  Con- 
sidering the  known  requirements  of  the  petro- 
chemical industry,  it  appears  doubtful  that 
light  hydrocarbons  in  such  quantities  will  be 
available  for  reforming. 

•  Governmental  Considerations — Two  forms  of 
federal  policy  administration  could  present 
obstacles  to  SNG  projects.  These  are  the  reg- 
ulatory considerations  exercised  by  the  FPC 
and  the  import  philosophy  of  the  Department 
of  the  Interior. 

The  regulatory  considerations  will  relate  to 
the  willingness  of  the  FPC  to  certificate  higher 
cost  gas  supplies  and  to  resolve  such  issues 
as  whether  higher  depreciation  rates  and  high- 
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er  rates  of  return  on  equity  than  are  normally 
provided  for  in  utility-type  construction  are 
appropriate  for  such  innovative  activities. 

The  import  question  concerns  the  wilhng- 
ness  of  the  Department  of  the  Interior  to 
permit  the  import  of  light  hydrocarbons.  Ap- 
proximately two-thirds  of  the  light  hydro- 
carbon feedstock  required  for  these  plants  is 
anticipated  to  be  foreign  in  nature.  This  has 
the  effect  of  "exporting"  refinery  capacity  to 
foreign  countries,  a  concept  opposed  by  the 
Department  of  the  Interior.  To  offset  such  a 
possible  trend,  governmental  consideration  is 
being  given  to  establishing  the  Imported 
Crude  Oil  Processing  (ICOP)  plan,  described 
in  the  oil  import  section  of  Chapter  Thirteen. 
This  is  a  plan  designed  to  increase  incentive 
to  construct  domestic  refinery  capacity  to  pro- 
cess imported  foreign  crude  oil.  Implementa- 
tion of  this  plan  could  increase  the  avail- 
ability of  naphtha  to  be  used  as  feedstock 
for  reformer  gas. 


The  potentially  inhibiting  effects  of  regulations 
and  import  restrictions  and  the  delays  often  occa- 
sioned by  siting  difficulties  and  related  administra- 
tive-procedural details  can,  and  do,  affect  timing. 
Therefore,  it  has  been  assumed  that  only  one-third 
of  the  announced  plants  to  be  in  operation  by  1975 
and  one-half  of  the  plants  scheduled  to  be  in 
production  in  1980  and  1985  would  be  completed 
on  a  timely  basis.  Under  that  assumption,  5NG 
production  is  estimated  at  0.6  TCF  in  1975,  increas- 
ing to  1.3  TCF  by  1980  and  remaining  at  that  level 
through  1985. 

Nuclear-Explosive  Stimulation 

Nuclear  stimulation  of  natural  gas  reservoirs  is 
a  method  of  producing  natural  gas  from  tight 
reservoirs  in  major  basins  of  the  Rocky  Mountain 
area  (see  Figure  5)  where  deliverability  from  con- 
ventional wells  does  not  warrant  pipeline  connec- 
tions. Approximately  250,000  acres  of  leased  lands 
have  been  grouped  into  three  unit  areas  for  the 
purpose  of  conducting  such  operations,  and  several 
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hundred  thousand  acres  leased  outside  these  units 
are  also  beUeved  to  have  potential  for  such  pur- 
poses. It  is  estimated  that  there  are  about  90  TCF 
of  gas  in  place  in  such  reservoirs  currently  under 
lease  and  that  the  potential  resource  base  consid- 
ered appropriate  for  nuclear  stimulation  may  prove 
to  be  much  larger. 

Technical  feasibility  has  been  established  by  the 
Gasbuggy  experiment  in  northwest  New  Mexico 
and  the  Rulison  experiment  in  Colorado.  Two 
projects  (Rio  Blanco  in  Colorado,  Wagon  Wheel 
in  Wyoming)  have  been  designed  which  are  ex- 
pected to  demonstrate  production  of  about  20 
billion  cubic  feet  per  well  over  a  20-year  period. 

The  largest  uncertainty  in  predicting  potential 
future  production  from  a  well  is  establishing  for- 
mation permeability  and  the  increases  in  perme- 
ability resulting  from  stimulation.  Test  results 
from  Gasbuggy  and  Rulison  projects  have  been 
extended  to  other  reservoirs  by  computer  modeling 
and  knowledge  of  formation  properties.  These 
results  showed,  generally,  high  flow  rates  during 
early  production  decreasing  to  relatively  constant 


flow  rates  after  about  5  years  and  a  production 
span  that  may  extend  considerably  longer  than 
conventionally  completed  wells. 

Assuming  favorable  results  from  currently 
planned  experiments  and  timely  resolution  of 
policy  issues,  estimated  annual  production  in  1980 
of  0.1  TCF  (Cases  II  and  III)  to  0.2  TCF  (Case  I) 
may  increase  to  about  0.8  TCF  and  1.3  TCF, 
respectively,  in  1985.  The  corresponding  levels  of 
cumulative  production  for  the  1971-1985  period 
are  approximately  2.4  TCF  (Cases  II  and  III)  and 
4.6  TCF  (Case  I). 

These  production  volumes  rest  upon  activity 
level  assumptions  of  completion  of  676  wells  by 
1985  in  Case  I,  compared  to  500  completed  wells 
in  Cases  II  and  III.  In  Case  I,  160  such  wells  are 
completed  in  1985;  in  Cases  II  and  III  the  total  is 
100.  Commercial  nuclear  stimulation  activity  does 
not  occur  by  1985  under  Case  IV  assumptions, 
although  continued  experimentation  and  technol- 
ogy refinement  may  be  proceeding. 

Policy  issues  relating  to  availability  and  cost  of 
nuclear  explosives,  distribution  of  natural  gas  con- 
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Figure  23.    Productive  Gas  Wells  Annually. 


I    taining  small  amounts  of  radioactivity,  and  well- 
I  head  price  must  be  resolved  before  definitive  eco- 
'  nomic  analysis  can  be  performed.  However,  indi- 
I  cations  are  that  the  range  of  prices  for  such  pro- 
duction may  compare  quite  favorably  to  those  for 
coal  gasification,  imported  LNG,  5NG  and  pipeline 
imports  from  Arctic  areas. 

Alaska 

I       The  importance  of  Alaska  and  its  offshore  waters 
I  to  the  Nation's  future  petroleum  supplies  is  based 
I  on  the  estimate  that  about  30  percent  of  the  re- 
'  maining    domestic    discoverable    hydrocarbon    re- 
sources are  located  in  this  area.    This  amounts  to 
'.119  billion  barrels  of  oil-in-place  and  327  TCF  of 
recoverable  gas.    Over  80  percent  of  this  oil  and 
about  52  percent  of  this  gas  are  believed  to  be 
j  located  on  the  North  Slope  (north  of  the  Brooks 
Mountain  Range).    Figure  33  is  a  map  of  Alaska 
showing  the  pertinent  features  and  locations. 


Southern  Alaska 

Currently,  all  of  Alaska's  production  comes  from 
southern  Alaska.  The  area  was  opened  up  in  1957 
with  the  discovery  of  the  Swanson  River  Field 
(ultimate  recovery  of  about  176  MMB).  The  most 
important  fields  have  been  discovered  on  the  Kenai 
Peninsula  and  offshore  in  the  Cook  Inlet.  At  pres- 
ent these  fields  are  estimated  to  have  ultimate 
recovery  of  about  900  MMB  and  remaining  oil 
reserves  of  500  MMB,  together  with  about  5  TCF 
of  remaining  gas  reserves.  Operations  in  the  Cook 
Inlet,  with  its  icy  waters  and  high  tides,  are  very 
costly.  Such  conditions  are  even  more  extreme  in 
the  Gulf  of  Alaska,  and  therefore  this  should  prove 
to  be  an  even  more  expensive  area  of  operations. 

North  Slope 

Exploration  activity  in  northern  Alaska  began  in 
1944  on  Naval  Petroleum  Reserve  No.  4  (NPR  #4) 
under  Naval  supervision.  This  work,  together  with 
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Figure  24.    Average  Depth  of  Completed  Gas  Wells/ 


detailed  mapping  by  the  U.S.  Geological  Survey, 
continued  until  1953.  During  this  8-  to  9-year 
period  three  oil  fields  and  two  gas  fields  were  dis- 
covered. The  reserve  estimates  for  these  discoveries 
range  from  30  to  100  MMB  of  oil  and  370  to  900 
billion  cubic  feet  of  gas. 

Private  industry  exploration  started  in  the  late 
1950's  in  the  area  between  NPR  *4  and  the  Arctic 
Wildlife  Refuge.  NPR  *4  and  the  Arctic  Wildlife 
Refuge  together  constitute  a  major  portion  of  the 
land  on  the  North  Slope,  and  neither  of  these  is 
currently  available  for  exploration  by  the  industry. 
These  efforts  resulted  in  the  discovery  of  the 
Prudhoe  Bay  Field  in  1968.  This  field,  which  ap- 
pears to  be  by  far  the  largest  oil  field  ever  dis- 
covered on  the  North  American  Continent,  is  esti- 
mated to  contain  24  billion  barrels  of  proved  oil- 
in-place,  with  proved  recoverable  reserves  of  9.6 
billion  barrels  of  oil  and  26  TCF  of  associated- 
dissolved  gas. 

The  main  reservoir  in  the  Prudhoe  Bay  Field  is 


in  the  Triassic  (Sadlerochit)  interval  which  con- 
tains all  the  field's  currently  booked  reserves. 
Other  productive  tests  have  been  made  in  the 
Mississippian  (Lisburne)  and  the  Lower  Cretaceous 
(Kuparuk)  zones  in  the  same  field.  There  are  other 
discoveries  in  Cretaceous  sands  at  other  fields  out- 
side the  Prudhoe  Bay  Field  (Ugnu,  East  Ugnu  and 
West  Sag  River).  Finds  of  the  apparent  magnitude 
of  these  discoveries  outside  the  Sadlerochit  reser- 
voir would  be  of  major  significance  in  the  lower  48 
states,  but  the  operating  conditions  on  the  North 
Slope  and  high  costs  involved  may  render  them 
economically  marginal. 

Extreme  cold,  stormy  and  icy  seas  offshore,  per- 
mafrost areas  on  land,  and  the  limited  drilling 
season  make  exploration  and  production  operations 
extraordinarily  costly  and  difficult.  For  example. 
Joint  Association  Survey  data  for  1968-1970  esti- 
mate average  costs  of  drilling  wells  to  depths  of 
10,000  to  14,999  feet  at  $1,869,000  in  Alaska,  com- 
pared to  $598,000  for  the  offshore  and  $251,000 
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REGIONAL  PROPORTION  OF  GAS 

DRILLING  FOOTAGE  IN  UNITED  STATES* 

(Percent) 


1968-1970 
Average 

Proj 

>ctions 

Region 

1971 

1975 

1980 

1985 

2 

Pacific  Coast 

1  97 

2.0 

20 

2,0 

2.0 

2A 

Pacific  Ocean 

0.01 

0.1 

0.1 

0.2 

0.3 

3 

Western  Rocky  Mtns. 

3.93 

4.9 

5.0 

5.1 

5.1 

4 

Eastern  Rocky  Mtns. 

3.72 

4.2 

4.7 

5.7 

6.2 

5 

West  Texas  Area 

8.82 

9.6 

10.1 

10.2 

10.6 

6 

Western  Gulf  Coast  Basin 

40.46 

40.5 

38.3 

34.4 

31.2 

6A 

Gulf  of  Mexico 

9.11 

10.0 

10.6 

11.0 

11.8 

7 

Midcontinent 

16.95 

15.0 

15.3 

15.6 

15.8 

8-9 

Michigan,  Eastern  Interior 

0.88 

0.7 

0.7 

0.7 

0.7 

10 

Appalachians 

13.90 

13.0 

13.0 

12.6 

12.8 

11 

Atlantic  Coast 

0.03 

- 

0  1 

0.5 

1.0 

11A 

Atlantic  Ocean 

- 

- 

0.1 

2.0 

2.5 

Alaska 

• 

0.22 

• 

• 

* 

♦ 

Total 

100.00 

100.0 

100.0 

100.0 

100.0 

skan  footage  handled  outside  computer  prograr 


for  the  onshore  of  the  lower  48  states.*    North 

Slope    costs    are    even    higher    than    the    Alaskan 

average. 

The  offshore  area  of  the  North  Slope  is  estimated 

to  contain  about  48  billion  barrels  of  oil-in-place. 

Large  potential  exists  for  natural  gas  accumulations 

offshore,  but  it  has  not  been  quantified  separately. 

However,  because  of  the  enormous  costs  that 
:  would  be  required  and  the  time  needed  to  fully 
j  develop  the  required  technology  to  conduct  oper- 
!  ations  under  these  conditions,  this  study  does  not 
I  contemplate  that  any  of  this  potential  will  be 
'  developed  during  the  next  15  years.  Two  of  the 
'  greatest  obstacles  are  ice  floes  and  polar  pack 
[  movements  that  often  scour  the  sea  bottoms  and 
!   move  in  to  impinge  on  the  coast. 

I  Alaskan  Pipeline 

j       After  the  discovery  at  Prudhoe  Bay,  plans  were 


*  Joint  Association  Survey  of  the  Oil  and  Gas  Producing 
Industry,  Sponsored  by  the  American  Petroleum  Institute, 
Independent  Petroleum  Association  of  America  and  Mid- 
Continent  Oil  and  Gas  Association  (published  yearly). 


made  for  the  transportation  of  the  oil  to  southern 
Alaska  via  an  800  mile,  48-inch  pipeline.  The  pipe 
was  ordered  and  delivered,  and  initial  crude  move- 
ment through  the  system  was  scheduled  for  1973. 
However,  governmental  and  environmental  con- 
siderations have  postponed  this  date  to  at  least 
1976.  To  date,  the  industry  has  invested  $1.5 
billion  on  the  North  Slope  but  probably  will  not 
realize  any  revenue  from  this  venture  for  another 
4  years  or  more. 

Projected  Oil  and  Gas  Resources  Discovered 

By  the  end  of  1970,  a  total  of  26.9  billion  barrels 
of  oil-in-place  and  31.5  TCF  of  gas  had  been  dis- 
covered in  all  of  Alaska. 

Estimates  of  discoveries  of  oil-in-place  during 
the  1971-1985  period  range  from  19.8  billion  bar- 
rels (Case  IV)  to  40.6  billion  barrels  (Case  I).  Esti- 
mates of  discoveries  of  total  gas  (both  associated- 
dissolved  and  non-associated)  range  from  19.5  TCF 
(Case  IV)  to  63.2  TCF  (Case  I). 
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Figure   25.    Gas   Footage   Drilled   and  Total   Gas    Reserve   Additions    (Cases    I    and    lA). 
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Figure  26.    Gas  Footage  Drilled   and  Total   Gas   Reserve  Additions   (Cases   II   and   III). 
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Figure  27.    Gas  Footage  and  Total  Gas   Reserve  Additions  (Cases  IV  and  IVA).* 
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istimated  Production  and  Expcndiiu'cs 

The  large  potential  impact  of  Alaska  required 
lat  estimates  of  production  schedules  and  of 
nding  and  developing  expenditures  be  developed, 
jven  though  experience  in  several  of  these  areas 
f  activity  is  quite  limited.  For  Cases  II  through 
y,  it  was  assumed  that  sufficient  reserves  would 
e  found  to  support  production  at  pipeline  capacity 
\i  2  MMB/D.   Case  I  considered  the  possibility  of 

more  optimistic  outlook  for  the  North  Slope, 
l!Sulting  in  a  production  peak  of  2.6  MMB/D  by 
j?85. 

Tables  56  and  57  summarize  the  estimated  pro- 
uction  schedules  and  exploration  and  development 
<penditures. 

Operating  costs  for  production  and  transporta- 

>n  for  the  North  Slope  cannot  be  projected  with 


any  accuracy  until  experience  in  additional  drilling 
and  actual  production  has  been  achieved.  Since 
these  costs  and  the  timing  of  such  activities  enter 
into  calculations  of  "price,"  the  complete  impact 
of  Alaska  during  the  next  15  years  cannot  be 
projected. 

Economics  —  Oil  and  Gas 


For  any  assumed  level  of  return  on  net  fixed 
assets  and  exploratory  success  level  (finding  rate), 
it  is  possible  to  determine  both  the  total  revenue 
and  unit  revenue  required  to  support  the  selected 
drilling  and  concomitant  producing  activities. 
These  are  referred  to  as  required  "prices"  for  oil 
and   gas  and   are  presented   as  a   guide   to   under- 
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Figure  29.    Cumulative  Non-Associattd  and  Associated-Dissolved   Gas  Discovered. 


standing  the  economics  of  the  projected  supply 
levels.  It  is  emphasized  that  the  unit  revenues 
were  derived  a^ier  estimating  the  expenditures  re- 
quired for  selected  finding  and  drilling  levels.  The 
methodology  employed  in  this  study  does  not  per- 
mit assumption  of  a  unit  price  and  derivation  of  a 
supply  level  and  related  exploratory  activity.  Ac- 
cordingly, the  data  presented  in  the  following  dis- 
cussion are  not  elements  of  a  supply-price  elasticity 
curve. 

Petroleum  exploration  and  production  is  an 
increasing-cost  industry,  and  therefore  average 
"prices"  computed  by  the  methodology  employed 
tend  to  be  lower  than  those  needed  to  justify  the 
new  investments  required  to  develop  incremental 
supplies.  Motivating  factors  other  than  price  alone 
are  therefore  required  to  achieve  the  activity  levels 
and  supplies  projected.  Of  particular  importance  is 
investor  expectation  of  success  and  confidence  in 
the  direction,  intent  and  stability  of  government 
policies.  The  impact  of  some  of  these  non-price 
motivating  factors  were  considered  in  the  para- 
metric studies. 

All  economic  data — both  historical  and  pro- 
jected— were  calculated   on   the  basis  of  constant 


1970  dollars.  The  historical  figures  were  adjust 
from  reported  current  dollars  to  constant  19 
dollars  by  employing  the  Industrial  Wholes. 
Price  Index.  As  a  consequence,  projected  resu 
do  noi  reflect  inflation. 

OI)  fjnd  Gas  Capifal  Requirements 

The  expenditures  for  finding  and  developi 
new  oil  and  gas  production  in  the  lower  48  stat 
as  projected  for  the  four  principal  cases,  are  sho\ 
in  Figure  34.  These  costs  include  exploration  e 
penses,  such  as  geological  and  geophysical  cos 
lease  rentals  and  dry  holes,  as  well  as  capitaliz 
investments  required  to  acquire  leases,  to  drill  a 
equip  wells  and  leases,  and  to  initiate  additior 
recovery  projects. 

Historically,  these  costs  have  remained  fai 
constant  at  approximately  $5  billion  per  year.  C; 
IV  maintains  this  level  in  the  future  with  a  slig 
increase  toward  the  end  of  the  1970's.  The  otf 
three  cases,  based  on  a  significant  increase  in  dri 
ing,  require  dramatic  increases  in  such  expem 
tures.    For  Case  I  these  annual  expenditures  rea 


TABLE  50 

REGIONAL  NON-ASSOCIATED  NATURAL  GAS  RESERVES  ADDED 

DURING  15-YEAR  PERIODS  IN  ENTIRE  UNITED  STATES 

(Cumulative-TCF) 

Actual 

Projected  1971-1985 

High  Finding  Rate 

Low  Finding  F 

ate 

High 

Drilling 

Rate 

Medium 
Drilling 
Rate 

Low 

Drilling 

Rate 

High 

Drilling 

Rate 

Medium 

Drilling 

Rate 

Low 

Drilling 

Rate 

Region 

1956-1970 

Casel 

Case  II 

CaselVA 

Case  lA 

Case  III 

Case  IV 

Onshore  48  States 

2              Pacific  Coast 

2.6 

2.6 

2.1 

1.2 

3.5 

2.8 

1.5 

3              Western  Rocky  M 

tns. 

4.3 

5.6 

4.6 

2.7 

9.4 

7.8 

4.2 

4               Eastern  Rocky  Mtns. 

4.2 

8.6 

6.8 

3.7 

10.1 

7.6 

3.8 

5              West  Texas  Area 

19.4 

43.5 

36.8 

22.5 

33.6 

27.9 

16.5 

6              Western  Gulf  Coast  Basin 

105.1 

81.2 

68.9 

44.1 

38.9 

34.5 

24.2 

7                Midcontinent 

33.1 

30.7 

25.2 

15.0 

17.7 

15.2 

9.9 

8-9         Michigan,  Eastern 

Interior 

0.4 

0.6 

0.5 

0.2 

0.5 

0.4 

0.2 

10              Appalachians 

6.5 

9.3 

7.6 

4.4 

8.6 

7.0 

4.1 

11               Atlantic  Coast 

- 

0.4 

0.2 

0.1 

0.3 

0.2 

0.1 

Total 

175.6 

182.5 

152.7 

93.9 

122.6 

103.4 

64.5 

Offshore  48  States 

2A            Pacific  Ocean 

0.5 

0.4 

0.3 

0.1 

0.4 

0.3 

0.1 

6A            Gulf  of  Mexico 

42.1 

111.2 

95.6 

58.9 

74.6 

63.3 

39.8 

11A           Atlantic  Ocean 

- 

15.1 

11.4 

4.9 

10.1 

7.6 

3.3 

Total 

42.6 

126.7 

107.3 

63.9 

85.1 

71.2 

43.2 

Alaska 

5.1 

49.6 

38.4 

18.4 

32.9 

25.6 

12.4 

Total  United  States 

223.3 

358.8 

298.4 

176.2 

240.6 

200.2 

120.1 

$17.6  billion  in  1985 — three  and  one-half  times  the 
current  level. 

The  same  data  with  all  of  Alaska  included  is 
presented  in  Table  58,  which  shows  total  explora- 
tion and  development  expenditures  required  for  the 
oil  and  gas  business  during  the  1971-1985  period. 
These  totals  range  from  $88.0  billion  in  Case  IV 
to  $171.8  billion  in  Case  I.  For  purposes  of  com- 
parison, the  total  for  similar  expenditures  in  the 
1956-1970  period  was  $79.8  billion  expressed  in 
constant  1970  dollars  ($70.7  in  current  dollars). 

As  an  example,  expenditures  for  the  various 
items  comprising  exploration,  development  and 
production  for  Case  II  are  shown  in  Table  59  for 
the  lower  48  states. 

A  combination  of  several  factors  is  responsible 
for   these    increasing    expenditures.     The    primary 


factor,  of  course,  is  the  substantial  increase  in  ex- 
ploration and  development  activity.  Also,  future 
activity  necessarily  must  shift  from  more  mature 
areas  into  the  unexplored  frontier  areas  where  the 
greater  remaining  potential  lies.  These  frontiers 
for  both  oil  and  gas  are  also  areas  where  severe 
operating  conditions  and  logistical  difficulties  re- 
quire high  investments  and  operating  expenses, 
e.g.,  Alaska  and  offshore.  In  addition,  drilling 
depths  must  increase  to  reach  the  deeper  potential 
resources,  and  consequently  drilling  costs  increase. 
This  is  particularly  true  of  gas  for  which  much  of 
the  future  potential  is  below  15,000  feet.  The  cost 
of  drilling  and  equipping  wells  increases  sharply 
as  their  depth  increases  and  operating  conditions 
become  more  severe  as  is  indicated  by  Table  60. 
The  growing  application  of  more  secondary  and 
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TABLE  51 

PERCENT  OF  ULTIMATE  NON-ASSOCIATED  NATURAL  GAS  RESERVES  DISCOVERED 

IN  ENTIRE  UNITED  STATES  AS  OF  DECEMBER  31.  1970,  AND  DECEMBER  31 

1985 

Projec 

ted  as  of  December  31, 

1985 

High  Finding  Rate  (Percent) 

Low  Finding  Rate 

(Percent) 

Actual 
12/31/70 

High 
Drilling 
Rate 

Medium 
Drilling 
Rate 

Low 
Drilling 
Rate 

High 
Drilling 

Medium 
Drilling 
Rate 

Low 
Drilling 
Rate 

Region 

(Percent) 

Casel 

Case  II 

Case  IVA 

Case  lA 

Case  III 

Case  IV 

Onshore  48  States 

2               Pacific  Coast 

31  5 

41.6 

39.7 

362 

45.1 

42.4 

37.3 

3               Western  Rocl<v  M 

tns. 

35.7 

46.9 

44.9 

41,1 

54.5 

51.3 

44.1 

4               Eastern  Rocky  Wltns. 

194 

36.0 

32.6 

266 

39.0 

34.1 

26.7 

5              West  Texas  Area 

26.8 

69.7 

63.1 

49.0 

59.9 

54.3 

43.1 

6              Western  Gult  Coast  Basin 

532 

73.6 

70.5 

64.3 

63.0 

61  9 

593 

7               Midcontinent 

46.9 

60.7 

58.2 

53.6 

54.9 

53  7 

51.4 

8-9         Michigan,  Eastern 

Interior 

32 

8.0 

7.2 

4.8 

72 

6,4 

48 

10              Appalachians 

34.4 

44.1 

42.3 

389 

43.4 

41,7 

38.7 

11               Atlantic  Coast 

0.2 

8.9 

4.6 

2.4 

6,7 

4  6 

2.4 

Total 

42.9 

61.8 

58.7 

52.7 

55.6 

53.6 

49.6 

Offshore  48  States 

2A           Pacific  Ocean 

132 

23.7 

21.1 

15.8 

23.7 

21.1 

158 

6A            Gulf  of  Mexico 

22.5 

77.6 

69.9 

51.7 

595 

53.9 

42.2 

11A            Atlantic  Ocean 

- 

27.7 

20  9 

9,0 

18.5 

13.9 

6.1 

Total 

17.6 

66.4 

58.9 

42.2 

50.4 

45.0 

34.3 

Alaska 

1.8 

19.7 

15.7 

8.5 

13.7 

11.1 

6.3 

Total  United  States 

30.9 

54.8 

50.8 

42.7 

47.0 

44.3 

38.9 

tertiary  oil  recovery  techniques  also  contributes 
substantially  to  the  increase  in  costs.  Continuation, 
of  the  recent  rising  trend  in  offshore  lease  bonus 
payments,  combined  with  the  need  for  additional 
leases,  is  another  factor  behind  increasing  costs. 
Also,  adequate  protection  must  be  provided  for  the 
environment  as  well  as  for  health  and  safety,  each 
of  which  further  adds  to  costs. 

Oil  i\C'\cnucs  and  Net  Fixed  Assets 

The  net  fixed  assets  (book  investment  minus 
depreciation  and  excluding  working  capital)  attrib- 
uted to  finding,  developing  and  producing  oil  in  the 
lower  48  states  are  shown  in  Figure  35.  Since 
1964,  net  fixed  assets  in  the  domestic  oil  explora- 
tion and  production  sector  have  declined  as  a  result 
of  insufficient  investments  being  made  to  offset 
retirement   of   older   assets.     In    all    of    the    cases 


studied,  this  declining  investment  trend  must  b 
reversed.  Even  in  the  lowest  supply  case,  th 
asset  base  must  be  increased  to  $25.5  billion  b 
1985. 

Applying  a  set  of  five  return  assumptions  (IC 
12.5,  15,  17.5  and  20  percent)  to  these  net  fixei 
assets  permits  calculating  a  range  of  average  re 
quired  "prices"  of  oil  for  each  case.  As  an  exam 
pie,  these  "prices"  for  Case  II  are  displayed  ii 
Figure  36.  For  simplicity  only  the  resulting  "prices 
for  10-,  15-  and  20-percent  returns  are  shown. 

The  rate  of  return  on  net  fixed  assets  that  wil 
be  experienced  in  the  future  is  unknown;  however 
the  range  tested  is  broad  enough  to  allow  adequat 
evaluation  of  the  variables  studied.  Again,  thesi 
"prices"  are  all  expressed  in  constant  1970  dollar! 
— any  future  inflationary  effects  would  be  additiv. 
to  the  values  shown. 
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l'  Over  the  last  15  years,  oil  prices  (expressed  in 
constant  1970  dollars)  have  declined.  The  projec- 
tions indicate  the  need  for  significant  "price"  in- 
creases, a  strong  reversal  of  "prices"  being  required 
if  the  industry  is  to  attract  the  venture  capital  re- 
quired. 

For  comparison,  the  Initial  Appraisal  assumption 
of  constant  oil  price  in  the  future  is  shown  in 
Figure  36.  In  1985,  the  rate  of  return  on  net  fixed 
assets  would  decline  to  a  completely  unacceptable 
level  of  about  2  percent — this  indicates  the  Initial 
Appraisal  is  not  economically  viable.  While  the 
supply  projections  could  probably  be  achieved, 
:he  price  required  would  have  to  be  substantially 
higher  than  assumed  for  the  Initial  Appraisal. 

Figures  37  and  38  repeat  information  previously 
shown  for  Case  II  to  help  illustrate  the  need  for 
the  projected  reversal  of  the  past  price  trend. 
I  As  discussed  earlier,  both  the  oil  and  gas  seg- 
ments of  the  industry  are  experiencing  increasing 
.'■eal  costs.  With  unit  revenues  declining  and  costs 
ncreasing,  the  return  on  investments  realized  has 


WELLHEAD  PRODUCTION  AND  YEAR  END 

PROVED  RESERVES  OF  NON  ASSOCIATED 

GAS-LOWER  48  STATES 


Year  End 

Wellhead 

Remaining  Proved 

Production 

Reserves 

(TCP) 

(TCP) 

R/P 

1970 

169' 

1994" 

11  8 

1975t 

194 

180  0 

93 

1980t 

192 

172  6 

90 

1985t 

19.7 

174  6 

89 

AGA 

Projections  from  Case  II  (medium  drilling  rat' 


been  insufficient  either  to  attract  or  internally  gen- 
erate risk  capital  needed  to  expand  exploration 
efforts.   This  is  particularly  true  when  no  increased 


Figure  30.    Wellhead  Gas  Production — Non-Associated  and 
Associated-Dissolved  United  States  (Including  Alaska). 
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TABLE  53 

TOTAL  MARKETED  VOLUMES  OF  NON-ASSOCIATED  AND  ASSOCIATED-DISSOLVED 

NATURAL  GAS 

DURING  15  YEAR  PERIOD  IN  ENTIRE  UNITED  STATES 

(TCP) 

Projected  1971-1985 

High  Finding  Rate 

Low  Finding 

Rate 

High 
Drilling 

Medium 

Low 

High 
Drilling 

Medium 

Low 

Drilling 

Drilling 

Drilling 

Drilling 

Rate 

Rate 

Rate 

Rate 

Rate 

Rate 

Region 

Casel 

Case  1 1 

Case  IVA 

Case  lA 

Casein 

Case  IV 

Onshore  48  States 

2              Pacific  Coast 

5.7 

55 

5.3 

6.0 

5.7 

5.4 

3               Western  Rocky  Mtns. 

9.4 

9  1 

8.6 

10.3 

99 

9.0 

4              Eastern  Rocky  Mtns. 

8.0 

7.5 

6.6 

7.8 

7.3 

6.4 

5              West  Texas  Area 

42.6 

40.4 

35.7 

38.0 

36.3 

32.7 

6              Western  Gulf  Coast  Basin 

126.5 

122  1 

113  0 

108.3 

106.5 

102.2 

7               Midcontinent 

47.4 

45.7 

42.6 

42.8 

42.0 

40.2 

8-9         Michigan,  Eastern  Interior 

04 

0.3 

0.3 

0.3 

03 

0.3 

10               Appalachians 

7.4 

6.9 

6.0 

7.0 

6.6 

5.8 

11               Atlantic  Coast 

0.2 

0  1 

0.1 

0  1 

0.1 

0.1 

Total 

247.6 

237.6 

218.2 

220.6 

214.7 

202.1 

Offshore  48  States 

2A            Pacific  Ocean 

18 

1.6 

1.1 

1.4 

1.3 

0.9 

6A           Gulf  of  Mexico 

81.5 

75.5 

62.5 

64.7 

60.8 

52.6 

11A           Atlantic  Ocean 

1.1 

0.9 

0.4 

0.7 

0.6 

03 

Total 

84.4 

78.0 

64.0 

66.8 

62.7 

53.8 

Alaska 

20.8 

17.8 

7.9 

17.6 

15.1 

6.8 

Total  United  States 

352.8 

333.4 

290.1 

305.0 

292.5 

262.7 

incentives  in  forn^s  other  than  price  have  been 
available.  In  fact,  one  of  these  non-price  incentive-.) 
— favorable  taxation  treatment — was  reduced  by 
the  1969  Tax  Reform  Act.  Changes  in  tax  treat- 
ment directly  affect  return  on  investment  by  alter- 
ing the  after-tax  income  realized  from  the  revenue 
received.  The  result  of  the  declining  economic  at- 
tractiveness of  this  high-risk  industry  has  been  a 
reduction  of  the  drilling  effort  over  the  last  15 
years  as  shown  in  Figure  37.  Furthermore,  the  re- 
striction in  access  to  the  prospective  areas  with  the 
highest  hydrocarbon  potential — the  offshore  re- 
gions— in  the  last  few  years  has  contributed  to  this 
decline  in  activity. 

The  increased  oil  and  gas  drilling  activity  pro- 
jected for  the  future  definitely  indicates  that  more 
risk  capital  will  be  required.  Thus,  the  long-stand- 
ing trend  toward  decreasing  attractiveness  of  the 
industry  must  be  reversed  quite  substantially,  and 


the  return  on  investment  must  be  sufficient  to  at 
tract  the  increasing  level  of  required  investment 
If  tax  treatment  remains  unchanged,  the  only  wa^ 
that  this  can  be  accomplished  is  by  increasinj 
revenue  and  prices  to  offset  projected  increasing 
costs  resulting  from  deeper  drilling,  more  expensivi 
recovery  techniques,  and  operations  in  hostile  en 
vironments. 

Increased  prices  alone  cannot  achieve  the  pro 
jected  supply.  Exploration  for  oil  and  gas  involve 
lead  times  on  the  order  of  several  years  betweei 
the  time  that  the  investment  decision  is  made  anij 
the  first  revenue  is  received.  For  this  reason,  it  i 
essential  that  the  investor  have  a  reasonably  cer 
tain  expectation  that  the  political  and  economi 
situation  (including  contractual  price  increases)  wi 
be  sufficiently  favorable  in  the  future  to  warrar 
committing  large  amounts  of  capital  to  high  ris 
exploration  ventures.    Another  factor  essential 
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Figure  31.   Total  Marketed  Gas  Projections — Total  United  States  (Including  Alaska) — High  Finding  Rate. 


expanded  exploration  efforts  is  producer  confidence 
in  being  able  to  market  any  production  discovered 
— assuming  adequate  protection  of  the  environ- 
ment. The  delay  of  the  proposed  Alaskan  pipeline 
is  an  example  of  this  problem.  The  current  hiatus 
on  northern  Alaskan  exploration  activity  is  a  direct 
result  of  the  uncertainty  of  market  availability. 

Only  through  a  satisfactory  combination  of  fa- 
vorable political,  regulatory  and  economic  condi- 
tions and  expectations  will  the  declining  trend  in 
discovery  of  new  primary  reserves  be  improved  as 
projected  in  Figure  38.  Over  the  past  15  years,  the 
oil  industry  has  been  able  to  maintain  annual  re- 
serve additions  at  an  almost  constant  level  by  in- 
creasing application  of  additional  recovery  tech- 
nology to  previously  discovered  reserves.  Further 
subsfantia!  improvements  of  recovery  efficiency  are 
projected  in  the  future,  but  it  is  recognized  that 
this  technology  will  be  costly  and  will  require  long 


lead  times.  The  application  of  improved  techniques 
is  responsible  for  a  considerable  amount  of  future 
reserves.  However,  unless  the  trend  in  new  pri- 
mary reserve  discoveries  is  soon  reversed,  the  op- 
portunities for  applying  improved  additional  re- 
covery methods  will  rapidly  be  depleted.  This 
would  result  in  a  precipitous  decline  in  total 
reserve  additions,  followed  in  a  few  years  by  a 
corresponding  drop  in  oil  production. 

For  comparative  purposes,  the  calculated  unit  oil 
revenues  for  the  low  finding  rate  cases  studied  are 
shown  in  Figure  39.  These  values  are  shown  only 
for  the  mid-range  rate  of  return  (15  percent). 
Similarly,  the  calculated  unit  oil  revenues  for  the 
high  finding  rate  cases  are  shown  in  Figure  40. 
The  increases  projected  in  the  unit  revenues  range 
from  a  compound  growth  rate  of  3.6  percent  in 
Case  IV  to  5.4  percent  in  Case  I.  These  "prices" 
are  the  average  unit  revenue  computed  from  all  oil 
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Figure  32.    Total  Marketed  Gas  Projections — Total  United  States — Low  Finding  Rate. 


production,  including  production  from  both  current 
proved  and  future  reserves. 

Economics  of  Newlv  Dicovered 
Oil  — 1971-1985 

The  method  of  computing  the  required  oil 
"price"  results  in  an  average  value  for  both  the 
"old"  oil  discovered  before  1971  and  the  "new"  oil 
found  during  the  1971-1985  period.  However,  it  is 
possible  to  use  these  average  "prices"  to  investigate 
the  economic  attractiveness  of  just  the  new  oil  ex- 
ploration and  development  activity  assumed.  This 
can  be  done  by  considering,  as  if  it  were  a  single 
project,  all  of  the  effort  during  the  1971-1985 
period  to  find,  develop  and  produce  the  new  oil 
reserves.  For  this  purpose,  it  is  appropriate  to  em- 
ploy the  discounted  cash  flow  (DCF)  analysis  tech- 
nique commonly   used   to  evaluate  new   projects. 


The  DCF  return  which  is  calculated  in  this  way 
can  then  be  checked  for  reasonableness  to  see  if 
the  result  is  viable.  (It  should  be  kept  in  mind 
that  this  type  of  return  is  completely  different  from 
return  on  net  fixed  assets.) 

A  DCF  calculation  was  made  for  Case  II  as  an 
example,  using  the  detailed  assumptions  outlined 
below.  These  assumptions,  particularly  on  post- 
1985  performance,  can  influence  the  result  of  such 
a  calculation  quite  significantly. 

•  "Price" — To  calculate  revenues  for  the  first 
15  years,  the  required  oil  "prices"  calculated 
in  Case  II  at  a  15-percent  return  on  net  fixed 
assets  were  used  for  illustrative  purposes. 
These  "prices"  increased  from  $3.22  per  bar- 
rel in  1971  to  56.18  per  barrel  in  1985.  In  the 
absence  of  any  projections  after  1985,  "price" 
was  assumed  constant  at  $6.18  per  barrel  from 
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NGL  ANNUAL  RESERVE  ADDITIONS-LOWER  48  STATES 
(Million  Barrels) 


High  Finding  Rate 


Low  Finding  Rate 


1971 

High 
Drilling 

Rate 
Casel 

Medium 

Drilling 

Rate 

Case  II 

Low 
Drilling 

Rate 
Case  IVA 

Condensate 

High 
Drilling 

Rate 
Case  lA 

Medium 
Drilling 

Rate 
Casein 

Low 
Drilling 

Rate 
Case  IV 

99,6 

99.6 

98.3 

72.4 

72.4 

71.4 

1975 

126,3 

112.7 

84.8 

83.0 

74.4 

56.8 

1980 

177,7 

141.3 

70.6 

111.9 

90.0 

46.4 

1985 

166.4 

136.0 

56.6 

110.8 

88.2 

36.8 

1971 

Pentane  and  Heavier 

97.6 

97.6 

96,5 

72.9 

72.9 

72,1 

1975 

128.8 

115.8 

86,9 

83.5 

75.6 

57,6 

1980 

169.9 

136.5 

69,7 

102,1 

83.2 

44.0 

1985 

153.7 

127.0 

54,3 

96,4 

77.9 

33.7 

1971 

LPG 

193.6 

193.6 

191,4 

147,9 

147.9 

146.3 

1975 

253.9 

228.3 

171,4 

170,3 

154.0 

117.2 

1980 

368.8 

294.4 

148,5 

233,4 

188.4 

98.2 

1985 

371.6 

297.6 

120,8 

242,3 

190.6 

78.6 

1971 

Total  NGL 

390.8 

390.8 

386.2 

293,2 

293,2 

289.8 

1975 

509.0 

456.8 

343.1 

336.8 

304.0 

231.6 

1980 

716.4 

572.2 

288.8 

447.4 

361.6 

188.6 

1985 

691.7 

560.6 

231.7 

449.5 

356.7 

149.1 

1985  until  the  time  when  all  reserves  would  be 
depleted. 
•  Production  Rate — The  total  new  oil  produc- 
tion schedule  calculated  in  Case  II  was  used 
for  the  1971-1985  period.  This  started  at  zero 
in  1971  and  reached  a  peak  of  4.7  MMB/D  in 
1985.  Production  from  the  reserves  remaining 
in  1985,  together  with  subsequent  additions 
for  secondary  and  tertiary  recovery,  was 
scheduled  using  the  same  technique  as  for  the 
1971-1985  period.  Production  calculations 
were  continued  to  the  year  2015  which  was 
the  practical  economic  limit. 

The  total  reserves  developed  in  this  case  for  new 
A    amounted    to    37    billion    barrels — a    recovery 


efficiency  of  approximately  48  percent  of  the  77 
billion  barrels  of  oil-in-place  discovered. 

The  cumulative  cash  flow  after  income  taxes  for 
new  drilling  reached  a  negative  $28  billion  by 
1985.  Production  thereafter  resulted  in  a  cumula- 
tive positive  cash  flow  at  final  depletion  of  almost 
$46  billion.  The  resulting  DCF  return  on  new  oil 
was  6  percent. 

A  6-percent  DCF  return  is  rather  low  for  this 
type  of  high  risk  investment  and,  as  a  before-the- 
fact  expectation,  would  not  attract  the  required  risk 
capital  on  a  single  project  basis.  However,  this 
value  is  on  an  after-the-fact  basis  after  all  risks 
have  been  taken.  In  addition,  it  is  an  industry 
aggregate  and  includes  both  successes  and  failures 
--some  firms  and  individuals  will  have  net  losses. 
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TABLE  55 

IMGL  PRODUCTION-LOWER  48  STATES 

(MB/D) 

High  Finding  Rate 

Low  Finding  Rate 

High 
Drilling 

Rate 
Casel 

Medium 

Drilling 

Rate 

Case  II 

Low 
Drilling 

Rate 
Case  IVA 

High 
Drilling 

Rate 
Case  lA 

Medium 
Drilling 

Rate 
Case  III 

Low 
Drilling 

Rate 
Case  IV 

1971 

Condensate 

399.7 

399.7 

399.7 

399.7 

399.7 

399.7 

1975 

373.2 

369.6 

361.6 

347.1 

344.9 

399.5 

1980 

417.3 

391.0 

337.8 

338.9 

323.0 

289.6 

1985 

454.5 

395.3 

274.8 

328.8 

292.1 

217.8 

1971 

Pentane  and  Heavier 

507.4 

507.4 

507.4 

507.4 

507.4 

507.4 

1975 

434.5 

431.2 

422.5 

407.4 

405.2 

399.5 

1980 

462,5 

437.3 

383.3 

381.6 

366.6 

334.0 

1985 

481.9 

427.4 

312.3 

354.5 

322.5 

254.0 

1971 

LPG 

1,068.2 

1,068.2 

1,068.2 

1,068.2 

1,068.2 

1,068.2 

1975 

908.8 

901.9 

885.2 

858.0 

854.2 

843.0 

1980 

936.4 

886.6 

781.4 

788.5 

757.8 

691.0 

1985 

984.9 

870.1 

633.2 

744.7 

672.9 

524.9 

1971 

Total  NGL* 

1,975.3 

1,975.3 

1.975.3 

1.975.3 

1,975.3 

1,975.3 

1975 

1,716.4 

1,702.7 

1,669.3 

1,613.4 

1,604.4 

1,581.9 

1980 

1,816.2 

1,714.8 

1,502.5 

1.509.0 

1,477.4 

1,314.5 

1985 

1,921.4 

1,692.9 

due  to  rounding. 

1,220  3 

1,427.9 

1,287.4 

996,7 

Totals  may  not  agree 

while  others  will  receive  adequate  returns.  Hence, 
the  return  on  this  composite  basis  should  be  ex- 
pected to  be  lower  than  the  level  that  is  considered 
a  desirable  objective  for  a  single  project. 

(..as  Revenue^  anti  Net  F:\rri  Assets 

Figure  41  shows  the  historical  level  of  a  year-end 
net  fixed  assets  in  the  gas  business  and  the  projec- 
tion of  these  levels  as  calculated  for  various  cases 
studied.  Assets  have  shown  a  modest  increase  dur- 
ing the  past  15  years.  However,  in  both  the  me- 
dium (Case  II  and  III)  or  high  (Case  I)  drilling 
cases,  the  asset  base  will  have  to  be  rapidly  ex- 
panded to  achieve  the  projected  levels  of  supply. 


In  constant  1970  dollars,  assets  have  increased 
from  $3.9  billion  in  1956  to  58. 7  billion  in  1970. 
By  the  end  of  1985,  the  high  drilling  case  (Case  I) 
would  result  in  assets  increasing  to  more  than  $23 
billion.  The  medium  drilling  case  (Case  II)  would 
result  in  asset  growth  to  almost  $18  billion  by  the 
end  of  1985. 

In  Case  IV,  where  gas  drilling  declines  approxi- 
mately 4  percent  per  year,  the  asset  base  is  calcu- 
lated at  $8.1  billion  by  the  end  of  1985.  This  com- 
pares with  an  asset  base  of  $8.7  billion  at  year-end 
1970. 

The  range  of  required  average  gas  "prices" 
resulting  from  application  of  different  returns  on 
average  net  fixed  assets  are  shown  for  the  medium 
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Figure  33.    Area  Map  of  Alaska. 


illing  rate  combined  with  the  high  finding  rate 
Lase  II)  on  Figure  42.  Figure  43  shows  the  re- 
tired "prices"  for  the  same  drilling  rate  combined 
th  the  low  finding  rate  (Case  III).  The  returns 
ed  are  10,  15  and  20  percent.  As  Figures  42  and 
indicate,  current  earnings  froni  gas  are  sub- 
mtially  below  the  range  of  rates  of  return  used 
■  these  studies. 

iFigure  44  shows  the  average  unit  gas  revenues 
(:]uired  for  those  cases  which  utilized  the  low 
ding  rate  (Cases  lA,  III  and  IV).  Figure  45 
]Dws  the  average  unit  gas  revenues  required  for 
'ose  cases  which  utilized  the  high  finding  rate 
lases  I,  II  and   IVA).    For  illustrative  purposes, 


the  15-percent  rate  of  return  shown  on  both  figures 
was  selected  because  it  is  at  the  middle  of  the  range 
of  returns  used  in  these  studies. 

Figures  44  and  45  clearly  show  the  magnitude 
of  the  effect  that  finding  rate  has  on  required  unit 
revenue.  For  example.  Case  II  (see  Figure  45), 
which  utilized  the  high  finding  rate  and  requires 
a  unit  revenue  of  39.8  cents  per  MCF  in  1985,  can 
be  compared  with  Case  III  (see  Figure  44),  which 
utilized  the  low  finding  rate  and  requires  a  unit 
revenue  of  53  cents  per  MCF.  Both  of  these  cases 
involve  the  same  level  of  drilling  activity  which  can 
be  controlled,  as  opposed  to  the  finding  rate  which 
cannot. 
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Once  discoveries  have  been  made,  oil  and  gas 
producing  and  marketing  activities  vary  substan- 
tially in  many  respects.  Generally  the  time  lag 
experienced  between  the  discovery  of  reserves  and 
the  start  of  production  is  longer  in  the  case  of  gas 
than  in  the  case  of  oil.  When  an  oil  well  is  com- 
pleted, production  can  usually  start  almost  imme- 


TABLE  56 

ALASKAN  PRODUCTION* 

Crude  Oil-North  Slope  (MB/D) 

Case  1 

Case  II 

Case  III 

Case  IV 

1975 

0 

0 

0 

0 

1976 

750 

600 

600 

0 

1980 

2,190 

2,000 

2,000 

0 

1981 

2,340 

2,000 

2,000 

600 

1985 

2,600 

2,000 

2,000 

2,000 

Non-Associated  and  Associated-Dissolved 

Gas-Total  Alaska  (TCF/Year-Dry  Basis) 

Casel 

Case  II 

Casein 

Case  IV 

1975 

North  of  Brooks  Range 

_ 

_ 

_ 

_ 

1978 

0.8 

08 

0.6 

- 

1980 

1.4 

13 

1.1 

_ 

1981 

1.6 

1  4 

1.2 

_ 

1983 

2,5 

2.2 

22 

0.7 

1985 

33 

2  7 

2.2 

1.3 

1975 

South  of  Brooks  Range 

02 

0.2 

02 

02 

1978 

02 

0.2 

0.2 

02 

1980 

0.2 

0.2 

0.2 

0.2 

1981 

05 

05 

04 

0.3 

1983 

07 

0.6 

0.4 

0.3 

1985 

11 

09 

0.6 

0.4 

1975 

Total  Alaska 

02 

0.2 

0.2 

0.2 

1978 

1.0 

0.9 

0.8 

0.2 

1980 

17 

1.5 

1.3 

0.2 

1981 

2  2 

2.0 

1.7 

0.3 

1983 

32 

28 

2.4 

1.0 

1985 

44 

3.5 

imates   inclu 

29 

Je    production 

1,8 

for    North 

•     None    of    ihe   es 

Alaska 

offshore  because 

severe  operating  conditions 

mill  proba- 

blv   prevent  developmen 

t  during  the 

197M985  pe 

lOd.   Totals 

may   n 

>t  agree  because 

of   rounding 

Years  included  above  m     | 

acldiiio 

1  to  1975.   1980  and  1985  re 

Icct  proiecied 

commence. 

,o,.„ca,„,.e.. 

ons  (or  oil  an 

1  gas. 

diately.  Oil  can  be  moved  by  truck  or  barge  if  no 
other  facilities  exist.  Gas  production  must  await 
the  construction  of  gathering  and  pipeline  facil- 
ities. The  building  of  these  facilities  is  dependent 
on  developing  a  large  enough  volume  of  gas  to 
justify  the  expenditure  required  for  the  construc- 
tion. Certification  proceedings  before  the  FPC  for 
interstate  sales  introduce  additional  time  lags.  This 
means  that  the  capital  invested  in  gas  production 
must  wait  at  least  1  or  2  years  longer  to  begin 
generating  revenue. 

Gas  generally  moves  under  long-term  contracts 
while  oil  does  not.  The  field  price  of  about  two- 
thirds  of  total  marketed  gas  production  is  regulated 
by  the  FPC,  and  these  price  ceilings  have  had  a 
considerable  effect  on  the  price  of  the  remaining 
gas  which  moves  in  intrastate  commerce.  Inter- 
state gas  sales  prices  have  been  reduced  to  the 
FPC  area  ceiling  rates  while  contracted  gas  sales 
prices  set  below  ceilings  remain  at  the  contract 
levels.  This  standard — i.e.,  ceiling  price  or  contract 
price,  whichever  is  lower — has  resulted  in  a  1970 
average  unit  gas  revenue  of  17.1  cents  per  MCF.* 

Figure  42  shows  that  for  Case  II  the  1970  aver- 
age unit  revenue  (17.1  cents  per  MCF)  is  2.5  cents 
per  MCF  lower  than  the  calculated  1971  required 
average  unit  revenue  of  19.6  cents  per  MCF  at  a 
10-percent  rate  of  return  and  10.3  cents  per  MCF 
lower  than  the  calculated  unit  revenue  of  27.4  cents 
per  MCF  at  a  20-percent  rate  of  return.  Extrap- 
olation of  these  data  leads  to  the  conclusion  that 
gas  is  earning  approximately  7  percent  on  average 
net  fixed  assets  under  current  conditions.  This  is 
an  unattractive  return  considering  the  risks  as- 
sumed by  the  investor-producer. t 


*  The  17.1  cents  per  MCF  15  the  average  wellhead  value 
reported  by  the  Bureau  of  Mines  for  1970.  For  purposes 
of  this  discussion,  the  17.1  cents  per  MCF  is  assumed  to  be 
on  a  comparable  basis  with  the  required  unit  "prices"  cal- 
culated in  this  study.  However,  this  value  contains  some 
amount  for  liquid  content  (estimated  to  be  about  2  cents) 
and  to  that  extent  is  overstated  for  comparative  purposes 
with  unit  "prices"  calculated  in  this  study. 

+  The  Bureau  of  Mines  has  recently  published  the  1971 
wellhead  value  of  natural  gas  as  being  18.2  cents  per  MCF. 
This  would  indicate  a  1971  rate  of  return  on  gas  of  about 
8  percent.  However,  it  should  be  kept  in  mind  that  this 
return  is  overstated  to  the  extent  that  liquid  values  are  a 
part  of  the  18.2  cents.  If  the  liquid  value  were  as  much  as 
2  cents  per  MCF,  then  the  indicated  return  on  gas  would 
be  less  than  6  percent. 
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Economics  of  Newly  Discovered 
Gas— 1971-1985 

The  results  of  studies  presented  herein  relate 
only  to  average  unit  gas  revenues.  No  feasible 
method  was  found  to  incorporate  into  the  com- 
puter program  the  vintaged  ceiling  price  system 
imposed  by  federal  regulation  in  combination  with 
a  second  ceiling  imposed  by  contract.  The  fact  that 
some  of  the  area  ceilings  are  currently  under  at- 
tack in  the  courts  and  others  are  awaiting  decision 
by  the  FPC  adds  to  the  complexity  of  the  problem. 

The  level  of  unit  revenue  required  from  future 
gas  sales  at  an  assumed  rate  of  return  on  total  gas 
sales  can  be  calculated  by  using  data  generated  in 
the  computer  program.  The  program  computes  the 
total  annual  revenue  required  from  gas  sales.  It 
also  calculates  the  annual  volume  of  marketed  pro- 
duction from  reserves  found  through  the  year  1970 
separately  from  the  volume  of  marketed  produc- 
tion from  reserves  added  in  1971  and  subsequent 
years. 

An  essential  determination  which  must  be  made 
is  the  annual  unit  revenue,  or  "price,"  to  be  re- 


TABLE  57 

ALASKAN  EXPLORATIOIM  AND  DEVELOPMENT           | 

EXPENDITURES 

(Million  Dollars) 

Case  1 

Case  II          Casein 

Case  IV 

1971  1975 

No 

lAssociated  Gas-All  Alaska                  | 

207 

192                192 

164 

1976  1980 

1.226 

991                978 

543 

1981-1985 

2,287 

1.688             1,648 

663 

Total 

3,715 

2,871            2,818 

1,370 

1971-1975 

Oil-North  Slope 

835 

681                681 

227 

1976-1980 

2,412 

2.001             2,001 

455 

1981-1985 

1,696 

1,313             1,313 

2,001 

Total 

4,943 

3,995            3,995 

2,683 

ceived  for  future  sales  of  gas  found  through  the 
year  1970.   The  assumed  unit  "price"  is  then  used 
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,'  Excluding  North  Slope  oil  and  Alaskan  gas  operations. 

Figure  34.    Exploration  and  Development  Costs  * — Oil  and  Gas  (Constant  1970  Dollars). 


113 


74 


TABLE  58 

EXPLORATION  AfgO  DEVELOPMENT  EXPENDITURES          | 

TOTAL  UNITED  STATES 

(Billion  D 

Dllars) 

ISYear 

1971 

1975 

1980. 

1985 

Total 

Oil 

Casel 

3.6 

8.6 

12.5 

113.1 

Gas 

2.1 

4.6 

5.8 

58.7 

Total 

5.7 

13.2 

18.3 

171.8 

Oil 

Case  II 

3.6 

7.3 

9.9 

97.7 

Gas 

2  1 

36 

4.3 

47.1 

Total 

5.7 

10.9 

14.2 

144.8 

0,1 

Case  III 

3.5 

6,6 

8.8 

88.8 

Gas 

2.1 

36 

4.3 

46.3 

Total 

5.8 

10.2 

13.1 

135.1 

0,1 

Case  IV 

3.5 

4.1 

5.0 

61  5 

Gas 

20 

1.7 

15 

26.5 

Total 

5.5 

5.3 

5.8 

6.5 

88.0 

to  calculate  the  revenue  resulting  from  such  pro- 
duction. This  calculated  revenue  is  deducted  from 
the  total  annual  revenue  required,  and  the  re- 
mainder must  be  generated  from  remaining  pro- 
duction, i.e.,  from  gas  found  after  1970.  The  re- 
maining required  revenue  figure  is  divided  by  the 
annual  produced  volumes  of  gas  discovered  after 
1970  to  determine  the  unit  revenue  required  for 
this  gas.  These  calculations  are  performed  for  each 
year  to  derive  annual  unit  "prices." 

Table  61  shows  marketed  volumes  of  pre-  and 
post-1970  discovered  gas  under  Case  III  condi- 
tions. Table  62  shows  the  Case  III  average  unit 
"prices"  and  calculated  "prices"  for  gas  produc- 
tion from  reserves  discovered  post-1970  under 
three  different  assumptions.  These  three  assump- 
tions, which  relate  only  to  the  "price"  for  gas  dis- 
covered in  1970  and  prior  years,  are  as  follows: 
(1)  no  escalation,  (2)  an  escalation  of  0.5  cents  per 
MCF  per  year,  and  (3)  an  escalation  of  1.0  cents 
per  MCF  per  year.  The  price  escalations  are  as- 
sumed to  begin  on  January  1,  1973. 


Table  62  shows  that  unit  revenues  required  for 
production  from  reserves  found  after  1970  will  be 
in  the  range  of  slightly  less  than  $0.60  to  a  little 
more  than  $0.80  per  MCF  at  a  15-percent  rate  of 
return  in  constant  1970  dollars.  The  level  of  these 
required  unit  revenues  is,  of  course,  influenced 
directly  by  the  "price"  received  for  production 
from  reserves  found  through  the  year  1970.  In 
general,  the  required  unit  revenues  shown  are  com- 
parable to,  or  well  below,  estimates  of  costs  of 
alternative  forms  of  gas  supply  with  the  exception 
of  some  overland  imports. 

Another  fact  which  must  be  considered  in  ex- 
amining the  required  unit  revenues  shown  in  Table 
62  is  the  effect  on  consumer  prices  of  not  having 
adequate  domestic  supplies  of  gas.  Many  of  the 
costs  of  transporting  and  distributing  gas  are  fixed, 
in  the  sense  that  a  smaller  volume  does  not  reduce 
the  total  cost  but  increases  the  unit  costs  of  the 
smaller  volume.  In  addition,  there  are  substantial 
undepreciated  investments  in  pipeline  and  distri- 
bution facilities.  If  supplies  become  inadequate, 
current  depreciation  rates  would  need  to  be  in- 
creased. These  two  facts  alone  would  exert  sub- 
stantial upward  pressure  on  consumer  prices. 

These  studies  document  the  fact  that  gas  is 
currently  earning  very  low  returns  on  investment, 
which  is  certainly  one  of  the  principal  reasons  for 
the  present  critical  condition  of  domestic  gas  sup- 
ply. Until  this  situation  is  remedied,  there  is  little 
reason  to  expect  that  achievement  of  the  increased 
gas  drilling  rates  postulated  in  certain  of  these 
studies  can  be  realized.  One  obvious  approach  to 
the  problem  of  determining  adequate  economic 
incentives  would  be  to  let  gas  seek  its  competitive 
price  level  in  the  marketplace. 

The  required  "prices"  for  marketed  volumes  of 
natural  gas  are  expressed  in  constant  1970  dollars. 
Future  inflation  is  of  considerable  concern  to  pro- 
ducers selling  gas  interstate  under  conventional 
contracts,  most  of  which  specify  terms  for  the  life 
of  production  or  for  20  years.  Without  implying  a 
future  inflationary  trend,  it  is  important  to  quan- 
tify the  significance  of  even  a  relatively  small 
inflationary  influence.  As  an  example,  the  applica- 
tion of  a  3-percent  average  annual  inflation  factor 
to  the  average  gas  "price"  required  in  Case  III 
in  1985  (Table  62)  increases  the  constant  1970 
dollar  price  of  53.0  cents  to  82.6  cents  per  MCF. 
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TABLE  59 

CASE  II  EXPENDITURES  FOR  EXPLORATION,  DEVELOPMENT 

AND  PRODUCTION  OF  OIL  AND  GAS-1971-1985' 

(Million  Dollars) 

15  Year 

1971 

1975 

1980 

1985 

Total 

Exploration 

Dry  Holes 

839 

1.033 

1.364 

1.683 

18,500 

Lease  Acquisitions 

817 

1,420 

2.385 

3.166 

29,509 

Lease  Rentals 

140 

162 

238 

332 

3,223 

Geological  &  Geophysical 

530 

610 

771 

966 

10,713 

Total 

2,326 

3,225 

4,758 

6,147 

61,945 

Development 

Drilling  &  Equipping 

Producing  Wells 

1,916 

2,312 

3.105 

4,076 

42.062 

Equipping  Leases 

1,103 

1,325 

2,246 

3.350 

31,631 

Gas  Plant  Development 

209 

167 

140 

94 

2,250 

Total 

3,228 

3,804 

5,491 

7,520 

75,943 

Total  Exploration  and 

Development 

5,554 

7,029 

10,249 

13,667 

137,888 

Production 

Producing  Costs 

2,533 

2,607 

3.084 

3.767 

44,467 

Production  &  Ad  Valorem 

Taxes 

958 

1.061 

1.388 

1.893 

19,623 

Total 

3,491 

3,668 

4,472 

5,660 

64,090 

Gas  Plant  Expenses 

469 

458 

435 

429 

6.688 

Overhead  Expenses 

832 

Alaskan  ga 

959 

1.211 

1,518 

16.835 

*      Excludes  North  Slope  oil  and  a 

Parametric  Studies  —  Oil  and  Gas 

It  is  important  for  decision  makers  to  know 
how  responsive  or  sensitive  supplies  and  prices 
would  be  to  changes  in  basic  assumptions  about 
finding  rates,  drilling  costs,  changes  in  government 
policy,  etc.  The  technique  used  to  provide  this 
information  was  to  vary  only  one  assumption  or 
parameter  at  a  time  to  determine  its  effect  upon 
the  results.  These  studies  were  normally  done  on 
Cases  II  and  III  in  order  to  keep  the  number  of 
evaluations  to  a  manageable  size.  However,  in  a 
few  instances  Cases   I  and   IV  were  also   tested. 


Unless  otherwise  indicated,  the  North  Slope  oil 
and  Alaskan  gas  operations  were  not  included  in 
these  analyses. 

The  results  of  these  parametric  studies  are 
expressed  in  terms  of  the  incremental  effects  on 
Case  II  and  Case  III  producing  rates  and  "prices." 
For  "price"  effects,  five  rates  of  return  in  the  10- 
to  20-percent  range  were  investigated;  the  15- 
percent  return  level  is  the  middle  value  in  the 
spectrum  evaluated  and  is  reported  here  for  illus- 
trative purposes.  Higher  rates  of  return  would 
naturally  require  higher  "prices." 


64-282   O  -  76  -  6 
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TABLE  60 
AVERAGE  COST  PER  WELL  DRILLED-1968  1970* 


Depth  Range 
(Feet) 


Onshore 
48  States 


Offshore 
48  States 


0 

4,999 

S      25,000 

S    212,000 

S    382,000 

5,000 

9,999 

83,000 

367,000 

1,508,000 

10,000 

14,999 

251,000 

598,000 

1,869,000 

15,000 

19,999 

732,000 

1,115,000 

2,894,000 

20,000 

nd  over 

1,485,000 

2,690,000 

•  Developed  from  Joint  Association  Survey  of  the  Oil  and 
Gas  Producing  Industry,  Sponsored  by  the  American  Petroleum 
Institute,  Independent  Petroleum  Association  of  America  and 
Mid-Continent  Oil  and  Gas  Association  (published  yearlvl 


No  attempt  was  made  to  determine  the  effect 
that  the  different  "prices"  would  have  on  drilling 
activity  or,  in  economic  terms,  to  determine  the 
price-elasticity  of  supply.  It  should  be  emphasized 
that  the  required  "price"  is  that  average  "price" 
required  to  yield  a  given  rate  of  return  on  net 
fixed  assets,  which  includes  a  heavy  component 
of  previously  discovered  oil  and  gas  reserves.  It 
is  not  the  "price"  required  to  give  the  industry 
adequate  incentive  to  discover  and  develop  new 
reserves.  Nevertheless,  these  parametric  studies  do 
provide  an  indication  of  the  relative  effect  on 
supplies  and  "prices"  of  reasonable  variations  in 
the  basic  parameters. 
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Figure  35.    Net  Fixed  Assets— Oil  Operations   (Billion  Dollars). 
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Figure  38 
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Excluding  North  Slope  operations. 

Figures   36-38.    Oil  Average  "Price,"  Drilling  and   Reserve   Additions.^ 
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Figure  39.    Required  Crude  Oil  "Price" — Low  Finding  Rate — 15-Percent  Return 
(Constant  i,970  Dollars).* 


Sensitivity  of  Physical  Assumptions 

While  a  large  number  of  physical  assumptions 
were  made  in  developing  the  base  cases,  the  most 
significant  of  these  were  finding  rates  and  appli- 
cation of  additional  recovery  processes.  Several 
studies  were  made  to  examine  the  sensitivity  of 
production  and  "prices"  to  these  parameters. 

Finding  Rates 

The  amount  of  hydrocarbons  found  per  foot 
drilled  strongly  influences  both  production  and 
"prices."  This  factor — which  embraces  an  element 
of  risk  as  well  as  exploratory  skill — not  only 
helps  determine  the  projected  supply  but  also 
heavily  influences  future  required  "prices." 

Two  finding  rates  were  applied  to  each  of  the 
three  drilling  rates.  It  is  highly  unlikely  that  either 
the  high  or  low  finding  rate  would  occur  in  all 
regions  every  year  over  a  15-year  period,  and  the 
actual  average  finding  rate  would  more  probably 
fall   between   the   two.   The   resulting   supply   and 


required  "prices"  would  then  fall  within  the  range 
established  by  the  two  finding  rates  applied  to 
the  assumed  drilling  rates. 

The  effect  of  finding  rates  on  production  and 
required  "prices"  is  shown  in  Table  63.  Case  II 
utilized  the  medium  growth  drilling  rate  and  the 
high  finding  rate,  whereas  Case  III  utilized  the 
same  drilling  rate  but  the  low  finding  rate. 

Table  63  indicates  that  the  1985  production  rate 
would  be  significantly  lower  and  the  required 
"price"  in  1985  would  be  higher  if  a  low  rather 
than  a  high  finding  rate  were  experienced.  A  simi- 
lar comparison  of  cases  at  the  other  two  drilling  | 
rates  yields  comparable  results. 

Another  parametric  study  was  run  to  evaluate 
the  possibility  that  the  historical  oil  found  was 
understated.  This  might  occur  if  past  API  data 
on  reserve  "revisions"  included  some  oil  added 
as  a  result  of  increases  in  oil-in-place.  To  the 
extent  that  any  such  additions  to  oil-in-place  had 
occurred,  the  historical  finding  rates  would  be  too 
low.   An   analysis  of   the  API   data   indicated   this 
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Figure  40.    Required  Crude  Oil  "Price" — High  Finding  Rate — 15-Percent  Return 
(Constant  1970  Dollars).* 


error  should  not  exceed  5  percent.  The  results  of 

two  cases  in  which  the  oil  finding  rates  were  in- 

I      creased  by  twice  the  potential  error  (10  percent) 

are  shown  in  Table  64.  As  indicated  in  this  table, 

the  maximum  effect  occurs  in  Case  II,  in  which 

the    1985    production    rate    increases    about    0.5 

MMB/D   (less   than  5   percent)   and   the  required 

"price"    is    reduced    by    about    4    percent.    These 

results  substantiate  the  judgment  that  the  method 

;     of  handling  API  reserve  statistics  provides  reliable 

j     results. 

I  Although  the  high  finding  rate  projection  in- 
I  eludes  an  allowance  for  discovery  of  major  fields, 
I  the  possibility  exists  of  discovering  another  field 
near  the  size  of  the  largest  producing  field  in  the 
lower  48  states.  The  impact  of  such  a  find  was 
evaluated  by  hypothesizing  the  discovery  of  a 
5-bilIion-barrel  (recoverable  oil)  offshore  field  in 
1978.  The  results  of  this  hypothesis  on  Cases  II 
and  III  are  shown  in  Table  65.  A  discovery  of 
this  magnitude  may  have  a  low  probability,  par- 


ticularly when  assuming  the  high  finding  rate. 
Nevertheless,  it  could  significantly  affect  the  sup- 
ply picture  for  the  United  States  if  this  oil  field 
were  found  in  an  accessible  area  so  that  it  could 
be  easily  marketed.  In  1983,  the  year  of  peak 
production,  such  a  field  could  increase  the  Nation's 
oil  supply  by  16  to  19  percent  (exclusive  of  the 
North  Slope).  Furthermore,  such  a  major  discovery 
would  also  stimulate  industry  activity  resulting 
in  a  production  increase  which  would  exceed  that 
shown  in  Table  65.  The  effect  upon  "price"  is 
uncertain  in  that  exploration  and  development 
investment  would  be  stimulated  as  would  the 
bidding  on  leases.  The  increased  revenue  would 
probably  be  spent  on  this  expanded  effort. 

Additional  Oil  Recovery 

The  rate  of  application  of  additional  recovery 
processes  assumed  was  consistent  with  historical 
increases  in  oil  recovery  efficiency.  If,  because 
of   increased    incentive  or   a   technological   break- 
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Figure  41.    Year-End  Net  Fixed  Assets — Gas  Operations.' 


through,  additional  recovery  projects  were  imple- 
mented earlier  and  applied  to  more  fields,  the 
of  secondary  and  tertiary  recovery  projects  was 
increased  by  about  50  percent  and  accelerated  by 
2  years.  This  had  the  effect  of  raising  the  1985 
cumulative  recovery  efficiency  from  37  percent  to 
39  percent  of  the  oil-in-place  discovered.  The 
results  are  shown  in  Table  66.  Production  would 
production  would  be  significantly  increased.  Stud- 
ies were  made  against  the  highest  and  lowest 
supply  cases  (I  and  IV)  in  which  implementation 
greatly  increase  in  both  cases.  In  Case  IV,  signifi- 
cant "price"  increases  would  be  required  because 
there  is  relatively  little  production  to  provide 
required  revenues;  hence,  per  barrel  revenues 
must  be  higher.  Since  Case  I  already  has  a  high 
production  base,  the  per  barrel  "price"  increases 
required  are  much  less  significant.  A  factor  not 
accounted  for  is  any  cost  reduction  that  might 
be  associated  with  technological  improvement. 


Oil  Reserves/Production  Ratio 

A  parametric  study  was  conducted  on  Case  II 
to  determine  the  impact  of  assuming  that  the  oil 
R/P  could  be  reduced  from  8.9  in  1970  to  about 
8.0  in  1975  and  maintained  at  that  level  thereafter 
(see  Table  67).  It  can  be  seen  that  U.S.  oil  produc- 
tion could  be  increased  by  as  much  as  7  percent 
in  1975.  This  acceleration  of  production  could 
result  in  about  a  $0.26  reduction  in  1985  crude 
"price." 

Basic  Cost  Parameters 

To  test  the  sensitivity  of  oil  and  gas  "prices" 
to  drilling  costs,  operating  expenses  and  invest- 
ments in  additional  recovery  projects,  parametric 
studies  were  made  by  separately  increasing  each 
of  these  items  by  10  percent.  The  results  are  shown 
in  Tables  68,  69  and  70. 
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Figure  42.    Required  Average  Gas  "Prices" — Case  II  (Constant  1970  Dollars). 


Environmental,  Health  and  Safety  Costs 

In  the  past  several  years,  the  oil  and  gas  indus- 
try has  devoted  a  significant  part  of  its  investments 
and  operating  costs  to  protecting  the  environment 
and  promoting  health  and  safety.  These  historical 
costs  are  reported  by  the  API  and  are  included 
in  the  total  investment  and  expense  projections.* 
However,  in  1970  much  more  stringent  regula- 
tions of  this  type  governing  offshore  operations 
were  implemented,  causing  a  significant  rise  in 
costs.  These  costs  were  projected  separately  in  the 
methodology  used   in  this  parametric   study. 

To  determine  the  economic  impact  of  further 
regulations  of  this  nature,  a  parametric  study  was 
made  in  which  these  costs  were  arbitrarily  doubled. 
The  impact  of  this  doubling  on  exploration  and 


*  API,  Report  on  Air  and  Water  Conservation  Expendi- 
tures of  the  Petroleum  Industry  in  the  United  States,  ig66- 
1970,  API  Publication  No.  4075   (February  1971). 


production     economics     is     quite     substantial,     as 
shown  in  Table  71. 

Thus,  increasing  restrictions  by  this  amount 
could  effectively  increase  required  revenues  by 
about  $1  billion  in  1985 — an  amount  equivalent 
to  one-fifth  of  the  total  drilling  expenditures  in 
that  year.  This  emphasizes  the  importance  of  prom- 
ulgating more  stringent  regulations  only  when 
the  benefits  to  be  obtained  warrant  the  costs 
involved.  This  is  particularly  true  when  considera- 
tion is  given  to  the  fact  that  most  of  these  in- 
creased costs  will  affect  the  economics  of  the 
offshore  areas  which  are  so  important  to  develop- 
ing increased  future  supplies. 

Impact  of  Government  Policy  Changes 

Parametric  studies  were  designed  to  evaluate  the 
impact  of  the  critical  policy  options  available  to 
the  Federal  Government,  primarily  in  two  areas: 
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Figure  43.    Required  Average  Gas  "Prices" — Case  III  (Constant  1970  Dollars). 


(1)  leasing  policy  on  federal  lands  in  offshore  and 
frontier  areas  and  (2)  taxation  policy.  Several 
alternatives  were  examined  in  each  of  these  cate- 
gories. 

Federal  Leasing  Policy — Lease  Availability 

The  base  cases  assumed  that,  with  California 
added,  the  announced  Department  of  the  Interior 
lease  sales  schedule  will  be  representative  of  future 
sales.  Only  a  5-year  period  was  covered  by  the 
schedule,  so  it  was  necessary  to  extrapolate  sales 
beyond  1975.  Although  Interior's  schedule  does 
not  state  the  amount  of  acreage  to  be  offered,  it 
is  assumed  that  sufficient  acreage  will  be  made 
available  to  provide  the  drilling  opportunities 
projected.  Analysis  of  potential  acreage  currently 
unleased  and  the  acreage  required  for  drilling  indi- 
cates that  this  is  a  reasonable  assumption  if  a 
national  energy  policy  were  designed  to  encourage 
increasing  domestic  supplies. 


Recently,  extreme  concern  for  protection  of  the 
environment  has  created  opposition  to  the  granting 
of  any  additional  offshore  leases.  Parametric  stud- 
ies were  made  to  determine  the  effect  on  domestic 
U.S.  production  of  eliminating  or  deferring  all 
new  federal  lease  sales. 

The  first  analysis  assumed  that  no  new  sales 
would  be  held  offshore;  however,  existing  acreage 
under  lease  could  be  developed.  Table  72  shows 
the  impact  that  this  would  have  on  U.S.  produc- 
tion. If  such  an  action  were  taken,  it  would 
decrease  domestic  production  for  Case  II  by  over 
2  MMB/D  of  crude  oil  and  5  TCF  per  year  of 
gas  in  1985 — over  one-fifth  of  the  oil  and  gas 
production  from  the  lower  48  states.  Figure  46 
shows  the  areas  in  which  the  oil  production  would 
be  lost.  Also  shown  on  Figure  46  is  the  amount 
of  North  Slope  production  that  would  also  be  lost 
if  it  is  not  brought  to  market.  Environmental  over- 
reaction  could  reduce  total  U.S.  oil  producing 
capacity   in    1985    to    two-thirds    of    its    potential. 


83 


Similarly,  the  amount  of  gas  production  that 
would  be  lost  from  each  area  without  additional 
leasing  by  the  government  is  shown  in  Figure  47. 
In  this  case,  up  to  35  percent  of  the  1985  gas 
supply  would  be  eliminated. 

Table  73  shows  the  production  cutback  which 
would  occur  if  new  offshore  leasing  on  the  Gulf 
Coast  were  delayed  until  1975  and  eliminated  in 
all  the  other  areas.  Under  this  condition,  the 
country  would  be  denied  in  excess  of  1  MMB/D 
of  oil  and  over  1  TCF  of  gas  per  year  at  the  end 
of  the  period. 

The  effect  on  supply  of  delaying  all  offshore 
leasing  for  5  years  is  shown  in  Table  74,  while  the 
effects  of  delaying  only  Pacific  Coast  offshore  leas- 
ing for  5  years  are  depicted  in  Table  75. 


Federal  Leasing  Policy — Leasing  Method 

Large  bonus  payments  made  to  the  Federal  Gov- 
ernment for  leases  have  a  very  significant  impact 
on  the  cost  of  oil  and  gas.  A  quantitative  assess- 
ment was  developed  of  the  portion  of  future  oil 
and  gas  "prices"  that  results  from  the  assumptions 
used  as  to  the  cost  of  cash-bonus  payments  for 
offshore  federal  leases.  The  results  are  shown  in 
Table   76. 

It  is  obvious  that  an  elimination  of  sealed,  cash- 
bonus  payments  would  have  a  sizable  impact  on 
both  oil  and  gas  "prices"  in  the  longer  term.  By 
1985,  eliminating  bonus  payments  would  decrease 
"prices"  by  $1.14  to  $1.33  per  barrel  of  oil  and 
9.1i  to  \1M  per  MCF  on  all  production  under 
Case  II  or  Case  III  conditions.  The  impact  on  off- 
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shore  economics  would  be  even  more  than  indi- 
cated— about  four  times  as  great — if  all  the  bonus 
costs  were  related  strictly  to  offshore  production 
from  reserves  found  after  1970. 

One  option  op?n  to  the  Federal  Government  for 
affecting  activity  and  prices  is  the  method  used 
to  grant  the  leases.  Several  types  and  variations  of 
systems  have  been  proposed  as  alternatives  to  the 
current  system  of  sealed,  cash-bonus  payments 
assumed  in  all  of  the  base  cases.  Two  systems 
were  considered  for  evaluation — royalty  bidding 
and  work  programs.  These  are  representative  of 
the  spectrum  of  alternatives  that  are  available. 

The  effect  of  royalty  bidding  on  supply  and 
"price"  is  not  subject  to  quantitative  analysis  in 
the  abstract.  Its  impact  depends  on  the  detailed 
specification  of  how  bids  must  be  submitted,  how 
the  leases  are  administered  once  awarded,  whether 


bids  contain  work  commitments,  as  well  as  a  host 
of  other  complex  issues.  The  cost-benefit  relation- 
ship from  the  public  point  of  view  depends  on 
such  unknowns  as  the  specific  royalty  bid  vs.  the 
cash  alternative  bids  that  might  be  made  on  each 
tract.  It  also  depends  on  whether  the  exploratory 
well  is  successful  or  dry,  on  the  size  of  any  reserve 
that  might  be  found,  on  whether  it  is  oil  or  gas 
that  is  found,  and  on  the  inclusion  of  any  provi- 
sions for  royalty  reduction  in  the  lease.  All  of 
these  factors  contributed  to  the  conclusion  that 
such  a  system  could  not  be  effectively  analyzed 
in  this  study.  They  similarly  constitute  the  major 
drawback  of  the  system  from  a  public  interest 
point  of  view — the  inability  to  evaluate  which 
royalty  bid  on  a  tract  is  the  "highest  bid"  and 
whether  it  is  more  advantageous  than  the  cash- 
bonus  alternative. 
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TABLE  61 

ANNUAL  MARKETED  VOLUMES  OF  ALL  NATURAL  GAS  IN  LOWER  48  STATES- 
CASE  III,  LOW  FINDING  RATE,  MEDIUM  DRILLING  RATE 
(TCF) 

1975 

Volume  Marketed  from 

All  Reserves  Found 

Before  1971 

Volume  Marketed  from 

All  Reserves  Found 

After  1970 

Total  Volume  Marketed 
from  All  Reserves 

169 

3.3 

202 

1980 

10.6 

7.0 

17  6 

1985 

6.4 

9.8 

162 

Work  programs  similar  to  the  systems  used  by 
the  United  Kingdom  in  the  North  Sea  were  evalu- 
ated in  a  parametric  study.  In  this  system,  leases 
are  granted  to  operators  who  in  turn  agree  to  per- 
form a  stipulated  amount  of  exploratory  activity 
on  these  tracts.  Only  a  minimal  bonus  or  no  bonus 
at   all    is    charged.    If   a    workable    and    equitable 


work  program  system  could  be  developed  within 
the  confines  of  the  political  structure  of  the  United 
States,  it  would  be  reasonable  to  expect  an  increase 
in  drilling.  A  parametric  study  was  made  on  Cases 
II  and  III  assuming  work  programs  would  increase 
drilling  to  Case  I  levels  in  offshore  regions.  The 
reduction  in  bonus  would  be  more  than  adequate 
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TABLE  62 

REQUIRED 

■PRICES  ■  FOR  MARKETED  VOLUMES  OF  ALL  NATURAL  GAS  IN  LOWER  48  STATES  TO  ACHIEVE 

A  IS^ERCENT  RETURN  ON  NET  FIXED  ASSETS-CASE  III,  LOW  FINDING  RATE.  MEDIUM  DRILLING  RATE 

(Ceeits  per  MCF  in  Constant  1970  Dollars 

Avj.  "Price" 

Escalation  of 

•Prices"  EHective 

1/1/73  for  Marketed  Volumes  from  Reserves  Found  Prior  to  1970 

No  Escalation 

0.5((/MCF 

per  Year 

1.0((/MCF 

per  Year 

"Price"  for 

"Price"  for 

"Price"  for 

"Price"  for 

"Price"  for 

"Price"  for 

for  Total 

Vol.  Mktd. 

VoL  Mktd. 

VoL  Mktd. 

VoL  Mktd. 

VoL  Mktd. 

VoL  Mktd. 

Volume 

from  All 

from  All 

from  All 

from  All 

from  All 

from  All 

Marketed 

Reserves 

Reserves 

Reserves 

Reserves 

Reserves 

Reserves 

from  All 

Found 

Found 

Found 

Found 

Found 

Found 

Before  1971 

After  1970 

Before  1971 

After  1970 

Before  1971 

After  1970 

1970 

17.1 

17.1 

17.1 

17.1 

1975 

27.9 

17.1 

82.5 

18.6 

74.9 

20.1 

67.3 

1980 

37.8 

17.1 

69.3 

21.1 

63.2 

25.1 

57.1 

1985 

53.0 

17.1 

76.4 

23.6 

72.2 

30.1 
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uction— Wellhead  Gas  Production   (Case  I 


87 


TABLE  63 

CHANGE  OF  FINDING  RATE  FROM  HIGH  TO  LOW 
(Medium  Drilling  Growth  Rate) 

Product 

on 

MMB/D 

TCF/Y 
Case  II 
Gas 

Marketed 
Change  to 
Casein 

Case  II 
Oil 

Change  to 
Casein 

1971 
1975 
1980 
1985 

9.1 
8.5 
9.2 

102 

0  4 
1.0 
16 

20.0 
21.6 
21.1 
21  3 

1.4 
3.5 
5,1 

"Prices"  at  15%  Return 

S/BbI 

<//MCF                       1 

Case  II 

on 

Change  to 
Casein 

Casell 
Gas 

Change  to 
Casein 

1971 
1975 
1980 
1985 

3.22 
3.63 

4.73 
6.18 

+  0.04 
+  0  22 

+  0.42 

23.5 
26.2 
31.8 
39.8 

+     1.7 
+    6.0 
+  13.2 

TABLE  64 

INCREASE  OF  OIL  FINDING  RATES                     | 

BY  10  PERCENT 

Oil  Production  (MMB/D)                    | 

Case  II 

Case  III 

Base 

Change 

Base         Change 

1971 

9.1 

9.1 

1975 

8.5 

+0.1 

8.1            +0.1 

1980 

9.2 

+0.3 

8.2            +02 

1985 

102 

+0.5 

8.5             +0.3 

"Prices"  at  15%  Return  ($/Bbl)               | 

Case  II 

Casein 

Base 

Change 

Base         Change 

1971 

322 

3.23 

1975 

3.63 

0.05 

3.67           -0.04 

1980 

4.73 

-0.15 

4.95            0.12 

1985 

6.18 

■0.25 

6.60            0.20 

to  finance  the  additional  drilling,  and  it  was 
assumed  that  the  difference  would  be  reflected  in 
lower  "prices."  The  results  are  shown  in  Table  IT . 
It  is  apparent  that  implementation  of  a  work 
program  system  could  have  a  substantial  effect  on 
both  supply  and  "price."  However,  the  political 
reality  of  such  a  system  must  be  seriously  ques- 
tioned. The  impact  on  price  could  be  a  reduction 
of  as  much  as  $1.00  per  barrel  and  $0.11  per 
MCF  on  total  domestic  production  from  the  base 


case  "prices"  calculated.  These  calculated  results 
make  no  allowance  for  the  possible  inefficient  use 
of  capital  and  equipment  to  satisfy  work  commit- 
ments on  tracts  which  prove  to  be  only  marginally 
attractive  following  initial  exploratory  work.  There 
might  also  be  a  tendency  to  defer  activity  under  a 
work  program  bid  as  compared  to  a  cash-bonus- 
payment  system,  which  is  also  not  evaluated. 


TABLE  65 

DISCOVERY  OF  A  5-BILLION-BARREL  OIL  FIELD 

IN  1978 

Oil  Production  (MMB/D) 

Percentage  Increase  in 
U.  S.  Production 

Casell 

Casein 

Increase  Due 
to  Discovery 

Casell 

Casein 

1979 

9.0 

8.1 

0.1 

1 

1980 

9.2 

8.2 

0.7 

9 

1981 

9.4 

8.2 

1.0 

12 

1982 

9.6 

8.3 

1.3 

16 

1983 

9.8 

8.4 

1.6 

19 

1984 

10.0 

8.4 

1.4 

17 

1985 

10.2 

8.5 

1.2 

14 

127 


TABLE  66 

INCREASE  OF  OIL  RECOVERY  EFFORTS 

Oil  Production  (MMB/D) 

Cajel 

Change 

Case  IV 

Change 

1971 

9.1 

9  1 

1975 

8.5 

*0.8 

8.0 

^0.8 

1980 

9.6 

'20 

76 

H.8 

1985 

10.9 

M8 

7.4 

H.2 

O.I 

■Prices"  at  15%  Return  (S/BbI) 

Case! 

Change 

Case  IV 

Change 

1971 

322 

322 

1975 

365 

•^0.44 

3.57 

♦0  48 

1980 

4.90 

^0.71 

4.39 

•  1  02 

1985 

6.69 

•0.51 

5.28 

•111 

TABLE  67 

REDUCTION  OF  THE  OIL  RESERVES                      | 

TO  PRODUCTION  RATIO 

Prod 

JCtion 

'Prices"  at  15%  Return 
Oil  (S/BbI) 

Oil  (MMB/D) 

Case  II 

Change 

Case  II 

Change 

1971 

9.1 

- 

3.22 

- 

1975 

85 

+0.6 

3.63 

•022 

1980 

92 

+04 

4.73 

0.28 

1985 

102 

+0.2 

6.18 

■0,26 

TABLE  69 

INCREASE  OF  10  PERCENT  IN 

OPERATING  COSTS 

Oil  "Prices"  at  15%  Return  (S/BbI)               | 

Case  II          Change 

Casein 

Change 

1971 

3.22           +0.07 

3,23 

+0.07 

1975 

3.63           +007 

3.67 

+0,07 

1980 

4.73           +0.08 

4.95 

+0,08 

1985 

6.18           +0.09 

6.60 

+0.10 

Gas  "Prices"  at  15%  Return  («/MCF)             | 

Case  II         Change 

Casein 

Change 

1971 

23.5              +02 

23.5 

+0.2 

1975 

26.2              +0.2 

27.9 

+0.2 

1980 

31.8              +0.3 

37.8 

+0.4 

1985 

39.8              +0.3 

53.0 

+0.5 

TABLE  70 

INCREASE  OF  10  PERCENT  IN  ADDITIONAL            | 

OIL  RECOVERY  INVESTMENTS 

Oil  "Prices"  at  15%  Return  (S/BbI)               | 

Case  II           Change 

Casein 

Change 

1971 

3.22 

3,23 

- 

1975 

3.63              +0.04 

3.67 

+0.04 

1980 

4.73              +0.09 

4.95 

+0.10 

1985 

6.18              +0,14 

6,60 

+0,16 

TABLE  68 

INCREASE  OF  10  PERCENT  IN  DRILLING  COSTS        1 

Oil 

"Prices"  at  15%  Return  (S/BbI)                | 

Case  II 

Change 

Casein 

Change 

1971 

3  22 

323 

_ 

1975 

3.63 

+  0.05 

3.67 

+  0.05 

1980 

4  73 

+  0  10 

4.95 

+  0  10 

1985 

6  18 

♦0.15 

6.60 

♦0  14 

Gas 

'Prices"  at  15%  Return  (rf/MCF) 

Case  II 

Change 

Casein 

Change 

1971 

235 

+  0.1 

235 

+  02 

1975 

26.2 

+  0.4 

279 

+  0.5 

1980 

318 

+  09 

378 

♦  12 

1985 

39  8 

•   1.4 

530 

•  19 

Federal  Taxation  Policy 

The  base  cases  assumed  that  the  existing  taxa- 
tion structure  would  continue  unchanged.  In  order 
to  determine  the  impact  that  changes  in  this  policy 
area  could  have,  parametric  studies  were  run  to 
evaluate  changes  in  the  statutory  depletion  rate, 
preference  tax  rate,  job  development  credit,  and 
implementation  of  an  exploration  and  additional- 
recovery  tax  credit. 

The  results  of  these  studies  were  expressed  in 
terms  of  the  effect  on  the  average  "prices"  of  oil 
and  gas.  It  was  also  recognized  that  the  method  of 
analysis  assumed  that  industry  performs  as  a 
homogeneous  group  of  corporate  taxpayers  with 
only  domestic  exploration  and   production  activi- 
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TABLE  71 

DOUBLING  OF  ENVIRONMENTAL.  HEALTH  AND  SAFETY  COSTS 

Increased  R 

Bvenue  Requirements 

(Million  Dollars 

per  Year) 

Oil  Operations 

Gas  Operations 

Total 

Case  II 

Casein 

Case  II 

Casein 

Case  11 

Case  III 

1971 

60 

60 

22 

22 

82 

82 

1975 

259 

243 

104 

105 

363 

348 

1980 

501 

451 

188 

190 

689 

641 

1985 

803 

671 

301 

303 

1,104 

974 

TABLE  72 

NO  NEW  OFFSHORE  LEASES 

Oil  Production  (MMB/D) 

Case  II 

Change 

Casein 

Change 

1971 

9  1 

9.1 

1975 

8.5 

-0.3 

8.1 

-0.22 

1980 

9.2 

■1.4 

8.2 

■1.04 

1985 

10.2 

2.3 

8.6 

-1.63 

Marketed  Gas  Production  (TCF/Yr) 

Case  II 

Change 

Case  in 

Change 

1971 

20.0 

20.0 

1975 

21.6 

-0.7 

20.2 

■0.5 

1980 

21  1 

■3.2 

17.6 

■2.1 

1985 

21.3 

■5.5 

16.2 

■3.6 

TABLE  73 

DISCONTINUANCE  OF  OFFSHORE  LEASING 

EXCEPT  ON  GULF  COAST  POST  1974 

Oil  Production  (MMB/D) 

Case  II 

Change 

Casein         Change 

1971 

9.1 

9.1 

1975 

8.5 

■03 

8.1              -0.2 

1980 

9.2 

■1.1 

8.2               0.8 

1985 

10.2 

-1.5 

8.6              ■l.l 

Marketed  Gas  Production  (TCF/Yr) 

Case  II 

Change 

Case  III         Change 

1971 

200 

200 

1975 

21  6 

-07 

20.2              -0.5 

1980 

21.1 

2.0 

17.6                1,3 

1985 

21.3 

-1.6 

16.2              -1.1 

TABLE  74 

DELAY  OF  ALL  OFFSHORE  LEASING  FOR  5  YEARS 

Oil  Production 

(MMB/D) 

Case  II 

Change 

Casein 

Change 

1971 

9.1 

^ 

9.1 

- 

1975 

8.5 

0  3 

8.1 

-02 

1980 

92 

-  1.1 

8.2 

-08 

1985 

102 

0  4 

8.6 

0  3 

Marketed  Gas  Production  (TCF/Yr) 

Case  II 

Change 

Casein 

Change 

1971 

20.0 

_ 

20.0 

_ 

1975 

21  6 

0.7 

20.2 

0.5 

1980 

21.1 

2  6 

17.6 

1.6 

1985 

21  3 

-  1,6 

162 

10 

TABLE  75 

DELAY  OF  PACIFIC  OCEAN  LEASING                    | 

FOR  5  YEARS 

Oil  Production  (MMB/D) 

Case  II 

Change 

Case  III 

Change 

1971 

9.1 

9.1 

1975 

8.5 

■0.1 

8.1 

0.1 

1980 

9,2 

■0.3 

8.2 

■0.2 

1985 

10,2 

■0,2 

8.6 

■0.1 

Marketed  Gas  Production  (TCF/Yr)              | 

Case  II 

Change 

Casein 

Change 

1971 

20.0 

20.0 

1975 

21.6 

20.2 

1980 

21.1 

■0.1 

17.6 

1985 

21.3 

■0.1 

16.2 

0.1 
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TABLE  76 

ELIMINATION  OF  BONUS  PAYMENTS  OFFSHORE 

Oil 

Prices"  at  15%  Return 

(S/BbU 

Case  II 

Change 

Casein 

Change 

1971 

322 

001 

323 

001 

1975 

363 

023 

3.67 

0.24 

1980 

4.73 

•0.70 

4.95 

0.80 

1985 

6.18 

1.14 

6.60 

1.33 

Gas 

•Prices"  at  15%  Return  (((/MCF)             | 

Case  II 

Change 

Case  III 

Change 

1971 

23.5 

0.2 

235 

•   0.2 

1975 

26.2 

2.3 

27.9 

2.5 

1980 

31.8 

■5.2 

37.8 

6.2 

1985 

39.8 

9? 

530 

13.3 

ties.  In  reality,  of  course,  this  is  not  true;  a  sizable 
source  of  risk  capital  in  the  industry  is  from  indi- 
vidual investors  who  have  a  higher  tax  rate  than 
corporations.  An  attempt  was  made  to  investigate 
the  sensitivity  of  this  assumption  by  analyzing 
several  cases  using  a  70-percent  maximum  indi- 
vidual lax  rate. 

Statutory  depletion   rates  were  investigated  by 


comparing  the  current  value  of  22  percent  to  a 
range  of  0  to  35  percent,  as  shown  in  Table  78. 

Eliminating  the  depletion  allowance  would  re- 
quire an  increase  in  the  computed  average  oil 
"price"  of  15  percent  and  gas  "price"  of  13  percent 
or,  alternatively,  it  would  have  a  much  more  sub- 
stantial negative  effect  on  the  desirability  of 
searching  for  oil  and  gas  if  the  prices  did  not 
increase  by  these  amounts.  If  gas  prices  are  not 
permitted  to  increase  because  of  contract  or  regu- 
latory limitations,  then  an  equivalent  amount  of 
revenue  would  have  to  be  generated  by  increased 
oil  prices.  Increasing  the  depletion  allowance  to 
35  percent  would  permit  an  8-percent  reduction 
in  the  average  "price"  of  oil  and  a  7-percent  reduc- 
tion in  the  gas  "price,"  or  without  price  changes 
it  would  create  a  sizable  incentive  to  develop  new 
supplies. 

As  indicated  in  Table  79,  the  impact  on  the 
investor  in  the  highest  tax  bracket  is  nearly  twice 
that  of  a  corporate  taxpayer.  Thus,  he  is  very 
sensitive  to  such  tax  incentives  in  deciding  where 
to  make  his  investments.  Many  of  these  investors 
are  the  source  of  funds  for  the  independent  oil 
producers  who  play  a  substantial  role  in  the  dis- 
covery of  new  fields.  Therefore,  future  discoveries 


TABLE  77 

REPLACEMENT  OF  CASH  BONUS  PAYMENTS  WITH  WORK  PROGRAM 

Production 

Oil  (MMB/D) 

Marketed  Gas  (TCF/Yr) 

Case  II 

Change         Case  III 

Change 

Case  II 

Change 

Case  III 

Change 

1971 

9.1 

9.1 

_ 

20.0 

- 

20.0 

- 

1975 

8.5 

8.1 

- 

21.6 

- 

20.2 

- 

1980 

9.2 

+  0.2               8.2 

+  0.1 

21.1 

+  0.5 

17.6 

+  0.4 

1985 

10.2 

+  0.4                8.6 

+  0.3 

21.3 

+  1.2 

16.2 

+  0.8 

"Price 

"  at  15%  Return 

Oil  "Prices"  (S/BbI) 

Gas  "Prices' 

(^/MCF) 

Case  II 

Change         Case  III 

Change 

Case  11 

Change 

Casein 

Change 

1971 

3.22 

-0.01              3.23 

-0.01 

23.5 

-0.2 

23.5 

-0.2 

1975 

3.63 

-  0.23              3.67 

-0.24 

26.2 

-2.2 

27.9 

-2.4 

1980 

4.73 

■  0.65              4.95 

-0.72 

31.8 

-5.0 

37.8 

-5.8 

1985 

6.18 

•  0.93             6.60 

-  1.14 

39.8 

■3.7 

53.0 

-  11.3 
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TABLE  78 

CHANGE  OF  STATUTORY  DEPLETION  RATES  WITH  50  PERCENT  TAX  RATE 

Change 
to  35% 

Change              Change                                   Change 
to  27.5%              to  0%                                     to  35% 

Change 
to  27.5% 

Change 

to  0% 

1971 

Case  II 

Depletion 

Depletion          Depletion         Case  III          Depletion 

Depletion 

Depletion 

Oil  "Prices"  at  15%  Return  (S/BbI 

) 

3.22 

0.26 

0.09                +  0.49                  3.23 

0.26 

■0.09 

+  0.49 

1975 

3.63 

0.29 

0.10               +0.55                 3.67 

0.29 

■0.10 

+  0.55 

1980 

4.73 

0.37 

0.13               +0.71                  4.95 

0.39 

0.13 

+  0.74 

1985 

6.18 

•0.48 

■0.16               +0.92                 6.60 

0.52 

■0.17 

+  0.99 

1971 

Gas  "Prices"  at  15%  Return  (*/MCf 

) 

23.5 

-  1.6 

■0.5                  +2.7                  23.5 

■  1.5 

-0.5 

+  2.8 

1975 

26.2 

•  1.8 

0.6                  +  3.3                  27.9 

■  1,9 

0.7 

+  3.5 

1980 

31.8 

■2.2 

■0.7                   +4.0                  37.8 

2.6 

■0.8 

+  4.8 

1985 

39.8 

■2.7 

-0.9                  +5.1                  53.0                 3.7 

1.2 

+  6.8 

1971 
1975 
1980 
1985 


1971 
1975 


CHANGE  OF  22-PERCENT  STATUTORY  DEPLETION  RATE 
WITH  50-PERCENT  AND  70-PERCENT  INCOME  TAX  RATES 


50%  Income  Tax  Rate 


70%  Income  Tax  Rate 


3.23 
3.67 
4.95 
6.60 


23.5 
27.9 
37.8 
53.0 


Change  22% 
Depletion  Rate  to 


Change  22% 
Depletion  Rate  to 


Oil  "Prices"  at  15%  Return  (S/BbI) 


-0.26 
-0.29 
-0.39 
-0.52 


+0.49 
+0.55 
+0.74 
+0.99 


3.59 
4.05 
5.58 
7.54 


-0.51 
-0.57 
-0.79 
■1.06 


Gas  "Prices"  at  15%  Return  (^/MCF) 


-1.5 
-1.9 
-2.6 
-3.7 


+2.8 
+3.5 
+4.8 
+6.8 


25.9 
30.6 

41.1 
58.8 


-3.1 
3.9 
5.2 

-7.5 


1.20 
-1.35 
0.86 
'2.51 


+7.0 
+8.7 
11.7 
•16.9 


will  no  doubt  be  heavily  influenced   by   taxation 
policy. 

The  1969   tax   law  established   a  minimum   tax 
icqual  to  10  percent  of  the  difference  between  the 


depletion)  and  his  actual  income  tax  liability.  If 
this  preference  tax  were  either  eliminated  or  raised 
to  20  percent,  it  would  have  the  effect  in  1985  of 
about  a  $0.17  per  barrel  change  in  the  "price"  of 
all  oil  and  $0.01  per  MCF  for  all  gas.  The  impact 


taxpayer's  total  preference  items  (such  as  statutory  on  individual  taxpayers  would  vary  widely. 


64-282   O  -  76 
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Two  types  of  fax  credits  were  also  evaluated. 
One  is  the  7-percent  job  development  credit  now 
in  effect,  and  the  other  is  a  12.5-percent  credit  for 


TABLE  80 

CHANGE  OF  TAX  CREDITS- 

50  PERCENT  TAX  RATE 

Change  Due  to 

Implementing 

Change  Due  to 

12.5%  Explora- 

Removing 7% 

tion  and  Addi- 

Job Develop- 

tional  Recovery 

1971 

Case  II             ment  Credits 
Oil  "Prices"  at  15%  R 

Credits 

eturn  (S/BbI) 

322                    ^0.06 

0.17 

1975 

3.63                   +0.08 

-0.24 

1980 

4.73                   +0.11 

0.30 

1985 

6.18                   +0.15 

-0.38 

1971 

Gas  "Prices"  at  15%  Return  (((/MCF) 

235                      +0.3 

■1.4 

1975 

26.2                     +0.2 

-1.5 

1980 

31.8                     +0.3 

2.2 

1985 

398                      -03 

•26 

investment  in  exploration  or  additional  recovers 
which  has  been  proposed.  The  impact  of  both  o 
these  credits  is  essentially  the  same  for  Cases  I 
and  III  and  is  shown  in  Table  80. 

The  job  development  credit  is  of  increasing  im 
portance  in  a  growing  industry;  an  exploratioi 
and  additional  recovery  tax  credit  could  provide  . 
significant  incentive  to  develop  new  oil  and  ga 
supply. 

Another  parametric  study  was  made  to  evaluat 
the  impact  of  capitalizing  intangible  drilling  cost 
as  depreciable  investment   for   tax  purposes.   Th 


TABLE  81 

CAPITALIZATION  OF  INTANGIBLE  DRILLING  COSTS 

15  PERCENT  RATE  OF  RETURN 

(Million  Dollars  pe 

r  Year  of  Increased  Revenue  Requirements) 

0 

1 

Gas                      Total 

Case  II 

Case  II 

Case  II 

Casein    Case  II    Case  III 

1971           633 

616 

352 

351         985         957 

1975          620 

530 

279 

280        899         810 

1980          451 

318 

236 

238        687          556 

1985          332 

227 

92 

92         424          319 

TABLE  82 

TOTAL  AVAILABLE  OIL 
(MMB/D) 

Actual 
1970 

Projected 

1975 

Casel 
1980 

1985 

Case  II 

Casein 

Case  IV 

1975 

1980 

1985 

1975 

1980 

1985 

1975 

1980 

1985 

Conventional  Petroleum 
Liquids 

11.3 

10.2 

13.6 

15.5 

10.2 

12.9 

13.9 

9.8 

11.6 

11.8 

9.6 

8.9 

10.4 

Synthetic  Liquids 

From  Coal 
From  Oil  Shale 

- 

- 

0.1 
0.2 

0.7 
0.8 

- 

0.1 

0.1 
0.4 

- 

0.1 

0.4 

- 

- 

0.1 

Oil  Imports 

3.4 

7.2 

5.8 

3.6 

7.4 

7.5 

8.7 

8.5 

10.6 

13.5 

9.7 

16.4 

19.2 

Total  Supply* 

14.7 

je  to  round 

17.5 

ng. 

19.6 

20.5 

17.6 

20.5 

23.1 

18.3 

22.3 

25.8 

19.3 

25.3 

29.7 

•     Totals  may  not  agree  d 
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effect  of  this  change  would  be  to  increase  the 
revenue  required  by  the  industry  by  the  amounts 
shown  in  Table  81  in  order  to  maintain  the  same 
after-tax  capital  available  for  drilling,  assuming  a 
50-percent  tax  rate  for  the  industry.  The  initial 
impact  is  very  significant  and  in  effect  would  in- 


crease the  after-tax  drilling  costs  by  about  one- 
third.  The  effect  upon  industry  earnings  dimin- 
ishes in  later  years  as  a  depreciable  base  is  built 
up.  However,  any  new  investor  will  always  bear 
the  full  impact  since  he  has  no  depreciable  base 
with  which  to  start. 


TABLE  83 

TOTAL  AVAILABLE  GAS 
(TCP/YEAR) 

Actual 
1970 

Projected 

Casel 

Case  II 

Case  III 

Case  IV 

1975 

1980 

1985 

1975 

1980 

1985 

1975 

1980 

1985 

1975 

1980 

1985 

Lower  48 

Onshore 
Offshore 

22.2 

18.7 
4.9 

17.3 
6.9 

17.1 
9.1 

18.5 
4.8 

16.5 
6.3 

15.2 
7.8 

17.6 
4.3 

14.3 
4.8 

12.0 
5.5 

17.4 
4.1 

13.1 
4.0 

9.6 
3.6 

Alaska,  North  Slope 

- 

- 

1.4 

3.3 

- 

1.3 

2.7 

- 

1.1 

2.2 

- 

- 

1.3 

Alaska,  South 

0.1 

0.2 

0.2 

1.1 

0.2 

0.2 

0.9 

0.2 

0.2 

0.6 

0.2 

0.2 

0.4 

Total  Conventional* 
(Wellhead  Production) 

22.3 

23.7 

25.9 

30.6 

23.6 

24.3 

26.5 

22.0 

20.4 

20.4 

21.8 

17.3 

15.0 

Synthetic  Gas 

From  Coal 
From  Liquids 

- 

0.6 

0.6 
1.3 

2.5 

1.3 

0.6 

0.4 

1.3 

1.3 

1.3 

0.6 

0.4 
1.3 

1.3 
1.3 

0.6 

0.2 
1.3 

0.5 
1.3 

Gas  from  Nuclear 
Stimulation 

- 

- 

0.2 

1.3 

- 

0.1 

0.8 

- 

0.1 

0.8 

- 

- 

- 

Imports 

LNG 
Pipeline 

t 
08 

0.2 

1.0 

2.3 
1.6 

3.2 
2.7 

0.2 

1.0 

2.3 
1.6 

3.4 
2.7 

0.2 

1.0 

2.3 

1.6 

3.7 
2.7 

0.2 
1.0 

2.3 
16 

3.9 
2.7 

Total  Supply* 

23.1 

to  roundi 

25.5 

ng. 

31.9 

41.6 

25.4 

30.0 

36.0 

23.8 

28.1 

30.2 

23.6 

22.7 

23.4 

•     Totals  may  not  agree  due 
t     Less  than  10  billion  cubic 

REMARKS  OF  SENATOR  JACKSON  INTRODUCING  S.  2885 
[From  the  Congressional  Record,  Jan.  24,  1974] 

{By  Mr.  Jackson  {for  himself^  Mr.  Magnuson^  Mr.  Bible,  Mr.  Biden, 
Mr.  Inouye,  Mr.  Chiles,  Mr.  Rihicoff,  Mr.  Metzenhaimi,  Mr.  Mc- 
Govem,  Mr.  Eagleton,  and  Mr.  Mondale) ) 

S.  2886.  A  Mil  to  amerid  section  Jf  of  the  Emergency  Petrolewm 
Allocation  Act  of  1973  to  direct  the  President  to  establish  ceiling  prices 
on  petroleum  and  related  goods.  Referred  to  the  Committee  on  Interior 
and  Insular  Affairs. 

Mr.  Jackson.  Mr.  President,  in  December  1972,  the  National  Petro- 
leum Council,  an  advisory  body  composed  of  representatives  of  the 
major  oil  companies,  presented  to  the  Secretary  of  the  Interior  and 
the  Congress  a  report  on  U.S.  energy  policy.  The  NPC  report  esti- 
mated that  to  achieve  the  greatest  feasible  level  of  domestic  self- 
sufficiency,  the  domestic  price  of  crude  oil  would  have  to  rise  from 
S3.18  per  barrel  in  1970  to  $3.65  in  1975.  In  August  1972,  the  Inde- 
pendent Petroleum  Association  of  America  testified  before  the  Com- 
mittee on  Interior  and  Insular  Affairs  that  a  domestic  price  of  $4.10 
per  barrel  would  be  adequate  to  assure  the  United  States  100  percent 
self-sufficiency  by  1980. 

These  projections  were  in  constant  dollars  so  to  be  fair  and  to  take 
account  of  inflation,  the  NPC  price  would  have  to  be  increased  to 
$4.35  and  the  IPAA  price  would  have  to  be  $4.55  today. 

These  were  the  prices  domestic  industry  said  it  needed  only  a  little 
over  a  year  ago  to  achieve  the  maximum  level  of  domestic  self-suffi- 
ciency. 

In  his  statement  to  the  Finance  Committee  on  January  23,  1974, 
Deputy  Secretary  Simon  estimated  that  the  long  term  supply  price  of 
crude  oil — the  level  needed  to  bring  supply  and  demand  into  balance, 
that  is,  to  eliminate  the  shortage — is  "in  the  neighborhood  of  $7  per 
barrel  within  the  next  few  years."  Any  price  higher  than  that  creates, 
in  Secretary  Simon  words : 

A  "windfall" — a  price  to  producers  which  is  more  than 
producers  could  have  anticipated  when  investments  were 
made  and  more  than  that  requested  to  produce  all  that  we  can 
in  fact  expect  to  be  supplied. 

Notwithstanding  Mr.  Simon's  insight  in  this  matter,  the  Federal 
Energy  Office  and  the  Cost  of  Living  Council  have  allowed  a  price  for 
"old"  oil  of  $5.25 — a  level  for  flowing  oil  wells  which  is  far  in  excess 
of  the  industry's  own  estimate  of  the  long-run  supply  price,  and  well  in 
excess  of  what  producers  could  have  anticipated.  More  important,  this 
price  increase  on  old  or  flowing  oil  cannot  have  a  significant  impact 
upon  the  supply  of  oil  or  even  provide  any  increased  incentive  for  the 
production  of  new  oil. 

(95) 


96 

Mr.  Simon's  office  has  totally  decontrolled  the  prices  of  the  so-called 
"new  oil,"  together  with  an  equivalent  amount  of  old  oil,  so-called 
'•released''  oil.  This  oil,  plus  oil  from  stripper  wells,  is  now  selling  at 
an  average  of  $10.35  per  barrel — more  than  twice  the  level  industry 
estimated  a  year  ago  to  be  necessary  for  maximum  self-sufficiency,  and 
about  50  percent  higher  than  the  level  Mr.  Simon  himself  believes 
could  be  useful  in  eliciting  new  supply. 

Profits  of  the  seven  largest  oil  companies  increased  by  46  percent  in 
the  first  three  quarters  of  1973  over  the  same  period  of  1972,  on  a  sales 
volume  that  increased  only  6  percent.  There  is  every  indication  that  oil 
company  profits  are  now  running  at  nearly  twice  the  level  of  a  year 
ago.  Top  company  officials,  in  testimony  this  week  before  the  Perma- 
nent Investigations  Subcommittee,  acknowledged  that  the  main  reason 
for  the  surge  in  profits  was  the  increase  in  prices  of  the  crude  oil  that 
is  exempt  from  price  control. 

Xo  one  in  the  administration  has  offered  any  serious  justification  for 
either  the  jump  in  old  oil  prices  or  for  decontrolling  new  oil.  What 
seems  to  be  at  work  is  a  continuing  conviction  that  the  way  to  eliminate 
the  fuel  shortage  is  to  increase  prices — ^^by  taxes  or  otherwise — high 
onougli  to  limit  demand  by  pricing  gasoline  and  fuel  oil  beyond  the 
reach  of  rjany  Americans.  This  philosophy  is  apparent  in  the  adminis- 
tration's so-called  windfall  profits  tax  proposal,  which  is  not  a 
profits  tax  at  all,  but  an  "excise''  tax  on  crude  oil  that  would  be  passed 
directly  on  to  consumers. 

I  am  today  introducing  a  bill  which  would  amend  the  Emergency 
Petroleum  Allocation  Act  to  require  ceiling  prices  on  all  crude  oil, 
refined  petroleum  products,  and  related  goods.  These  ceilings  would 
prevent  price  increases  in  excess  of  those  that  would  actually  increaso 
long-run  supply  and  diminish  long-run  demand. 

Ceiling  prices  would  be  limited  to  a  dollar-for-dollar  cost  pass- 
through,  except  for  the  sole  purpose  of  encouraging  increased  domes- 
tic exploration  and  production  of  crude  oil  or  investment  in  new 
refining  and  transportation  capacity.  Any  such  increase  would  have  to 
l)e  accompanied  by  a  detailed  statement  of  the  extent  and  the  means  by 
which  any  price  increases  which  are  greater  than  a  passthrough  of  cost 
can  be  reasonably  expected  to  increase  supply. 

My  intention  and  expectation  in  submitting  this  amendment  is  to 
roll  back  the  price  of  domestic  crude  oil  and  to  establish  a  ceiling  for 
any  crude,  no  higher  than  Mr.  Simon's  $7  per  barrel.  Moreover,  I 
would  expect  that,  under  this  legislation,  any  price  above  $4.50  per 
barrel  would  have  to  be  justified  in  close  detail  as  providing  a  signifi- 
cant increase  in  long-term  supply. 


LETTER  TO  SENATOR  HENRY  M.  JACKSON  FROM  VINCENT  M.  BROWN, 
;     EXECUTIVE    DIRECTOR,    NATIONAL    PETROLEUM    COUNCIL,    FEB- 
RUARY 1, 1974 

National  Petroleum  Council, 

February  7, 197 Jf.. 
Hon.  Henry  M.  Jackson, 
U.S.  Senator,  U.S.  Senate^ 
Washington,  D.C. 

Dear  Senator  Jackson  :  I  have  read  your  remarks  which  appear  in 
the  January  24,  1974,  Concessional  Record  page  S389  in  which  you 
introduced  for  yourself  and  others  Senate  Bill  No.  2885  to  amend  sec- 
tion 4  of  the  Emero^ency  Petroleum  Allocation  Act  of  1973  to  direct  the 
President  to  establish  ceiling  prices  on  petroleum  and  related  goods. 
The  bill  was  referred  to  the  Committee  on  Interior  and  Insular  Af- 
fairs. I  would  appreciate  your  insertion  of  this  letter  in  the  record  of 
testimony  or  hearings  held  in  connection  with  this  proposed  piece  of 
legislation. 

Your  use  of  the  domestic  crude  oil  "price"  in  1975  of  $3.65  per 
barrel,  as  it  appears  in  the  study,  is  completely  out  of  context.  In 
addition,  your  citation  of  the  NPC  report  to  support  your  conclusion 
that  "these  were  the  prices  domestic  industiy  said  it  needed  only  a 
little  over  a  year  ago  to  achieve  the  maximum  level  of  domestic  self- 
sufficiency''  is  patently  incorrect.  The  report  contains  no  such  finding 
or  conclusion.  As  a  matter  of  fact  it  stated,  "Even  in  Case  I  (the  most 
optimistic  supply  case),  oil  imports  more  than  double  between  1970 
and  1975"  and  that  even  by  1985,  there  would  be  a  necessity  to  import 
18  percent  of  our  total  oil  supply  under  the  Case  I  conditions. 

As  clearly  and  urgently  stated  in  the  NPC  report,  "Price  increases 
alone  will  not  assure  substantial  increases  in  the  exploration  for  and 
development  of  oil  and  gas  supplies.  They  must  be  accompanied  by 
reasonable,  consktent  and  stable  governmental  policies  specifically 
designed  to  encourage  the  development  of  additional  domestic  oil  and 
gas  production.  Policy  issues  of  particular  importance  include  leas- 
ing of  government  lands,  environmental  conservation,  taxation,  natu- 
ral gas  price  regulation  and  oil  import  quotas." 

The  National  Petroleum  Council's  U.S.  Energv^  Outlook  study  was 
an  extremely  technical  study  utilizing  the  judgment,  experience  and 
training  of  approximately  1.000  highly  qualified  professional  people 
from  both  government  and  industry,  including  energy  experts  from 
outside  the  oil  and  gas  industries.  Throughout  the  two  years  of  the 
study,  careful  and  objectives  analysis  was  applied  to  all  phases  of  the 
work  to  provide  the  best  possible  projection  of  energy  alternatives 
available  to  this  country.  This  same  attitude  toward  accuracy  and 
thoroughness  is  also  apparent  in  the  numerous  reports  which  these 
same  professionals  prepared  on  each  facet  of  this  study.  Of  particular 
significance  are  definitions  and  descriptions  of  terms  and  methods  pro- 
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vided  by  the  authors  to  assure  clarity  and  proper  use  of  the  results 
rei)orted.  It  is  unfortunate  when  these  are  ignored. 

In  December  1972,  the  XPC  released  a  Summary  Keport  of  the  U.S. 
Euerpry  Outlook  study,  summarizing  massive  supply  calculations  that 
were  developed  for  each  of  the  primary  fuels.  The  approach  was  to 
construct  four  principal  cases  to  cover  the  range  of  reasonable  supply 
projections.  In  designing  the  four  cases,  a  number  of  assumptions 
were  made  regarding  physical,  economic  and  government  policy  fac- 
tors. For  example: 

Case  1. — This  is  the  high  end  of  the  calculated  supply  range  for  each 
fuel  and  would  be  difficult  to  attain.  It  would  require  vigorous  effort 
fostered  by  early  resolution  of  controversy  about  environmental  is- 
sues; ready  availability  of  government  land  for  energy  resource  de- 
velopment; adequate  economic  incentives;  and  a  higher  degree  of 
success  in  locating  current  undiscovered  resources  than  has  been  the 
actual  case  in  recent  years. 

Case  If. — This  is  the  low  end  of  the  range  of  supply  availability  and 
repesents  a  likely  outcome  if  disputes  of  environmental  issues  continue 
to  constrain  growth  and  output  of  all  fuels;  if  government  policies 
prove  to  be  inhibited ;  and  if  oil  and  gas  exploratory  successes  do  not 
improve  over  recent  levels. 

Cases  2  and  3. — Represent  two  intermediate  appraisals,  with  Case  2 
postulating  greater  improvements  in  finding  rates  for  oil  and  gas,  and 
quicker  solution  to  problems  in  fabricating  and  installing  nuclear 
power  plants  than  does  Case  3. 

Many  variables  influence  the  supplies  of  domestic  oil  and  gas  that 
can  be  developed  and  the  revenues  required  to  yield  acceptable  returns 
on  investment.  Two  of  the  most  significant  are  the  finding  rate  (vol- 
ume of  oil  and  gas  found  per  unit  of  exploratory  effort)  and  the  drill- 
ing rate  (three  different  ones  were  assumed  in  the  study).  The  three 
drilling  activity  projections,  when  combined  with  the  two  finding  rate 
assumptions,  result  in  a  set  of  four  principal  cases — each  with 
projected  reserve  additions,  production  rates,  costs  and  required  aver- 
age wellhead  revenues  to  achieve  specified  rates  of  return.  None  of 
these  projections,  because  of  the  future  uncertainties  in  the  variable 
factors,  can  be  treated  as  forecasts. 

Page  1  of  the  report  states  this  clearly  as  follows : 

As  a  starting  point,  this  procedure  required  the  develop- 
ment of  as;sumed  ranges  of  activity  levels  and,  where  relevant, 
success  ratios.  These  were  translated  into  production  vol- 
umes, costs  and  "prices"  needed  to  provide  reasonable  returns 
on  myestment.  The  methodology^  was  not  designed  to  develop 
activity  levels  or  resulting  supplies  based  on  assumed  prices 
or  to  quantify  the  incentives  needed  to  realize  the  assumed 
levels  of  activity.  These  incentives,  which  are  not  measurable 
within  calculated  prices,  include  such  important  motiva- 
tional factors  to  an  investor  as  the  anticipated  future  eco- 
nomic and  political  climate. 

May  I  emphasize,  as  also  stated  on  page  1  of  the  NFC  report,  that 
as  used  m  this  study,  "price"  does  not  mean  a  specific  selling  price  as 
r>oTween  producer  and  purchaser  and  does  not  represent  a  future 
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market  value.  The  term  "price"  refers  generally  to  economic  levels 
which  would,  on  the  basis  of  the  four  cases  analyzed,  support  given 
levels  of  activity  for  the  particular  fuel. 
I    With  respect  to  economic  incentive,  the  report  states : 

The  most  effective  economic  incentive  would  be  to  allow 
prices  to  increase  to  the  level  at  which  the  industry  can  at- 
tract and  internally  generate  the  risk  capital  needed  to  ex- 
pand activity  to  its  maximum  capability.  This  requires  both 
a  fair  return  on  total  investment  (e.g.,  return  on  net  fixed  as- 
sets), as  well  as  the  anticipation  of  attractive  returns  on  cur- 
rent and  future  investments. 

The  method  of  computing  the  required  oil  "price"  in  the  four  cases 
results  in  an  average  value  for  both  the  "old"  oil  discovered  before 
1971  and  the  "new"  oil  found  during  1971-1985  period. 

The  table  below  shows  the  average  required  prices  for  the  Lower  48 
States  for  oil  (in  1970  constant  dollars)  for  all  four  supply  cases  to 
result  in  a  15  percent  rate  of  return  on  total  investment,  not  just  the 
new  investment.  For  your  information,  I  have  added  a  column  show- 
ing the  "prices"  if  an  inflation  factor  of  4  percent  per  annum  is  added. 

SUMMARY  OF  AVERAGE  REQUIRED  PRICES  PER  BARREL  OF  OIL,  LOWER  48  STATES 
(1970  actual— $3.18;  current  dollar  with  4  percent  per  year  inflation) 


Case 

1 

Case 

II 

Case 

III 

Case  IV 

1970 

Current 

1970 

Current 

1970 

Current 

1970 

Curren 

1975. 

1980.. 

1985 

$3.65 

4.90 

6.69 

$4.45 
7.25 
12.00 

$3.63 
4.73 
6.18 

$4.43 
7.00 
11.12 

$3.67 
4.95 
6.60 

$4.48 
7.33 
11.88 

$3.57 
4.39 
5.28 

t 
$4.35 
6.50 
9.50 

Thus,  average  "prices"  in  1985  range  from  $5.28  to  $6.69  per  barrel 
up  from  $3.18  in  1970  (or  with  inflation  added,  the  average  prices  in 
1985  for  oil  would  range  from  $9.50  to  $12.00  per  barrel).  I  note  you 
cited  only  the  1975  price  for  Case  I.  Since  the  lead  times  inherent  in 
finding  and  developing  new  oil  and  gas  supplies  range  from  3  to  8 
years,  only  by  1985  were  significant  increments  in  domestic  oil  sup- 
plies attained. 

Under  the  most  optimistic  supply  conditions  (Case  I)  and  given 
a  demand  growth  rate  of  4.2  percent  per  year,  domestic  oil  might 
provide  28  percent  of  total  energy  requirements  in  1985,  which  would 
still  represent  a  decline  from  31  percent  in  1970.  If  present  trends 
continue  (as  m  Case  IV),  domestic  oil  would  only  provide  17  percent 
of  total  requirements  in  1985. 

The  NPC  study  is  a  long-range  fuel  supply  study,  and  1975  by 
itself,  was  not  considered  signficant  for  purposes  of  drawing  major 
conclusions.  If  conclusions  are  to  be  drawn,  they  should  be  for  the 
whole  period  1971-1985,  with  particular  focus  on  1985. 

In  none  of  the  cases  for  any  year  would  domestic  self-sufficiency  in 
oil  be  attained,  and  only  by  1985  could  a  reasonable  or  feasible  level 
of  domestic  self-sufficiency  in  energy  be  achieved. 
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Energy  imports  in  1970  were  abount  12  percent  of  the  U.S.  energy 
supply.  In  all  cases,  energy  imports  increase  sharply  between  197^ 
and  1975.  Imports  as  a  percent  of  total  energy  supply  are: 


1970 

1975 

1980 

198 

Case  1 

-     ...                   12 

20 
20 
23 

26 

16 
19 

26 
38 

1 

Case  II 

12 

Case  III 

12 

Case  IV 

12 

Even  in  Case  I,  oil  imports  more  than  double  between  1970  anc 
1975.  Required  imports  in  1985  range  from  19.2  M]MB/D  in  Case  I\ 
to  3.6  MMB/D  in  case  I. 


1970 

1975 

1980 

198 

Oil  imports  as  a  percent  of  total  oil  supply: 

Case  1.... 

Case  II 

Case  III 

26 
26 
26 

42 
43 
51 
51 

30 
37 
66 
66 

1 
3 
6 
6 

Case  IV 

26 

Oil  imports  Cmillion  barrels  per  day): 

Case  1. 

Case  II 

3.4 
3.4 

7.2 
7.4 
8.5 
9.7 

5.8 

7.5 
10.6 
16.4 

3. 

8. 
13. 
19.  J 

Case  III.. 

3.4 

Case  IV 

3.4 

It  is  my  desire  herein  to  clarify  for  the  record  what  the  NPC  study 
on  U.S.  Energy  Outlook  actually  concluded.  I  understand  that  copies 
of  all  our  energ}'  reports  and  supporting  documents  have  been  made 
available  to  the  members  of  the  Senate  Committee  on  Interior  and 
Insular  Affairs  and  its  staff. 
Sincerely  yours, 

Vincent  M.  Brown, 

Executive  Director. 


MEMORANDUM  TO  MEMBERS  OF  THE  SENATE  INTERIOR  COMMITTEE 
FROM  ARLON  R.  TUSSING,  CHIEF  ECONOMIST,  FEBRUARY  4,  1974 

[Memorandum,  February  4,  1974] 

To :  Members  of  the  Committee  on  Interior  and  Insular  Affairs  and 
of  the  House-Senate  Conference  Committee  on  the  Energy  Emer- 
gency Act. 
From :  Arlon  R.  Tussing,  chief  economist,  Committee  on  Interior  and 

Insular  Affairs. 
Re  National  Petroleum  Council's  "Required  Prices  for  Crude  Oil". 
Senator  Jackson  and  other  members  have  recently  cited  the  Decem- 
ber 1972  study  by  the  National  Petroleum  Council  (NPC)  {U.S.  En- 
ergy Outlook)  as  evidence  that  the  producing  industry  only  a  year  ago, 
regarded  crude  oil  prices  in  the  range  of  $3.50  to  $4.50  per  barrel  as 
adequate  to  support  the  maximum  practical  level  of  exploration  and 
development.  The  members  have  singled  out  the  attached  Table  15  of 
the  NPC  report,  U.S.  Energy  Outlook,  which  indicates  that  a  price  of 
$3.65  would  be  "required"  in  1975  to  support  the  NPC's  most  optimis- 
tic scenario  (Case  I).  Because  the  latter  figure  was  given  in  19(0  dol- 
lars, the  equivalent  price  today  would  be  about  $4.35,  which  is  very 
close  to  the  average  price  of  "old"  oil  before  the  increase  authorized 
by  FEO  in  December. 

Vincent  M.  Brown,  Executive  Director  of  the  NPC,  has  submitted 
the  attached  letter  for  the  record,  protesting  this  use  of  the  NPC  study. 
He  wrote  Senator  Jackson : 

Your  use  of  the  domestic  crude  oil  "price"  in  1975  of  $3.65 
per  barrel,  as  it  appears  in  the  study,  is  completely  out  of  con- 
text. In  addition,  your  citation  of  the  NPC  report  to  support 
your  conclusion  that  "these  were  the  prices  domestic  industry 
said  it  needed  only  a  little  over  a  year  ago  to  achieve  the  maxi- 
mum level  of  domestic  self-sufficiency"  is  patently  incorrect. 
The  report  contains  no  such  funding  or  conclusion. 

Mr.  Brown's  criticism  addresses  two  issues  (1)  the  structure  of  the 
NPC's  economic  model  and  (2)  the  definition  of  "price"  used  in  the 
tables. 

In  simple  terms,  the  NPC's  methodology  for  each  of  four  "Cases" 
(and  a  number  of  sub-cases)  is  as  follows : 

( 1 )  A  specific  drilling  rate  is  assumed ; 

(2)  The  cost  of  this  much  drilling  is  the  investment  required; 

(3)  A  specific  "success  rate,"  the  ratio  of  reserve  additions  to 
drilling  effort,  is  assumed ; 

(4)  The  rate  of  production  in  future  years  is  inferred  from 
the  reserves  added ;  and  finally, 

(5)  Average  crude  oil  prices  were  calculated  for  each  year, 
which  would  give  revenues  equal  to  a  given  "return"  (e.g.,  15  per- 
cent) on  the  industry's  invested  capital  figures. 
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Mr.  Brown's  protest  is  correct  to  the  following  extent :  the  NPC's 
naive  economic  model  was  not  explicitly  "designed  to  develop  activity 
levels  [drilling  rates,  etc.]  or  resulting  supplies  based  on  assumed 
prices  or  to  quantify  the  incentives  needed  to  realize  the  assumed  levels 
of  activity.''  (p.  1  of  his  letter)  In  other  words,  its  formal  results  were 
never  designed  to  be  useful  in  evaluating  such  factors  as  price  controls, 
taxes,  the  rate  of  OCS  leasing,  or  other  policies  that  might  ajfect  either 
the  drilling  rate  or  the  success  rate.  These  rates  were,  on  the  contrary, 
already  given  as  assumptioTis  of  the  study. 

An  economic  model  designed  to  estimate  the  effectiveness  of  various 
policies  toward  the  oil  industry  would  have  to  differ  from  the  NPC 
model  in  at  least  two  respects:  (1)  it  would  have  to  recognize  that 
the  success  rate  depends  upon  the  drilling  rate  (because  of  tho,  tend- 
ency to  explore  and  develop  the  best  available  prospects  first),  and 
(2)  it  would  use  a  discounted  cash  floAv  rate  of  return  concept  rather 
than  the  balance  sheet  concept  used  by  the  NPC. 

Notwithstanding  the  inappropriateness  of  its  methodology  for 
evaluating  many  important  public  policy  questions,  the  NPC's  report, 
U.S.  Energy  Outlook.,  did  not  hesitate  to  draw  quantitative  conclusions 
about  prices,  taxes  and  leasing  rates  as  if  these  toere  logical  inferences 
from  the  study.  The  very  captions  of  the  tables  seem  chosen  to  convey 
this  impression.  The  table  which  Senator  Jackson  cited  was  labeled 
"Average  Required  'Prices'  ".  The  attached  supporting  table  (no.  660) 
from  the  background  report  to  U.S.  Energy  Outlook,  "Oil  and  Gas 
Availability,"  is  labeled  "Average  Unit  Revenue  Required  Per  Bar- 
rel of  Crude  Oil  (Dollars  Per  Barrel) ." 

The  text  even  more  explicitly  attempts  to  lead  the  reader  to  policy 
conclusions  purportedly  based  upon  what  Mr.  Brown  characterizes  as 
the  Council's  "extremely  technical  study  utilizing  the  judgment,  ex- 
perience and  training  of  approximately  1,000  highly  qualified  profes- 
sional people  from  both  government  and  industry,  including  energy 
experts  from  outside  the  oil  and  gas  industry."  The  following  are 
explicit  claims  in  the  NPC  report : 

"For  each  fuel,  the  four  principal  supply  cases  estimated 
the  average  unit  revenues  or  prices  required  to  support  as- 
sumed ranges  of  activity  levels,  given  an  assumed  range  of 
investment  returns.  These  analyses  indicate  that  real  energy 
prices  of  domestic  fuels  at  the  well  head  or  mine  must  rise 
significantly  by  1985.  Since  the  prices  cited  for  the  fuels  do 
not  consider  differences  in  quality,  distribution  costs  or  use 
characteristics,  the  prices  calculated  in  this  study  cannot 
be  meaningfully  compared  with  each  other.  The  projected 
range  of  percentage  increases  in  average  prices  required  to 
1985  (in  terms  of  19Y0  dollars)  over  1970  for  individual  fuels 
is  indicated  below : 

Oil  at  the  wellhead :  up  60  to  125  percent 
Gas  at  the  wellhead :  up  80  to  250  percent 
Coal  at  the  mine  :  up  about  30  percent 
UaOs :  up  about  30  percent. 

•  "7^?  above  ranges  would  imply  an  average  annual  increase 
m  fuel  prices  of  2  to  9  percent,  though  the  rate  of  increase 
would  not  necessarily  be  uniform  throughout  the  period  to 
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1985  and  would  not  be  the  same  for  each  fuel.  These  are  in- 
creases in  real  costs  over  and  above  inflation. 

"The  required  prices  calculated  indicate  a  need  for  a 
sharp  reversal  of  the  declining  real  price  trends  that  have 
been  experienced  for  the  last  several  years.  Declining  prices 
have  reduced  the  attractiveness  of  this  hi^h-risk  industry  as 
is  evidenced  by  the  decline  in  both  drillins:  effort  and  in  re- 
serve additions  resulting  from  new  exploration." 

The  NPC  model's  validity  (or  lack  of  validity)  for  measuring  the 
effects  of  changes  in  tax  policy  depends  on  exactly  the  same  factors 
as  its  validity  for  price  analysis.  Specifically,  in  Mr.  Brown's  words, 
the  model  was  not  designed  ".  .  .  to  quantify  the  incentives  needed 
to  realize  the  assumed  level  of  activity."  Yet,  the  report's  narrative  did 
not  shrink  from  making  quantitative  judgments  about  the  impact  of 
tax  reform : 

"Long-established  tax  provisions  for  the  extractive  in- 
dustries have  historically  promoted  the  development  of  en- 
ergy' supplies.  These  tax  features  deal  with  percentage  deple- 
tion applicable  to  coal,  uranium,  oil,  gas,  oil  shale  and 
geothermal  steam,  and  those  permitting  current  deductions 
of  intangible  costs  for  oil  and  gas.  Adverse  changes  in  such 
tax  provisions  would  prove  expensive  for  the  Nation  because 
they  would  reduce  supplies  and  lead  to  higher  costs  and 
prices.  For  instance,  complete  removal  of  the  statutory  deple- 
tion allowance  would  necessitate  an  immediate  "price"  in- 
crease on  the  order  of  $0.50  per  barrel  for  all  oil  and  $.03  per 
thousand  cubic  feet  (MCF)  for  gas;  by  1985  it  would  neces- 
sitate increases  of  $0.90  to  $1.00  per  barrel  and  $0.05  to  $0.07 
per  MCF  in  order  to  maintain  a  return  on  investment  suf- 
ficient to  generate  and  attract  the  capital  needed  to  provide 
the  supply  projected.  These  price  increases  are  over  and 
above  the  increased  prices  indicated  for  the  particular  fuel 
cases  in  1985  due  to  higher  investment  and  operating  costs." 

Mr.  Brown  vigorously  objects  to  the  Senators'  use  of  the  NPC 
report  to  support  the  case  for  price  rollbacks,  but  as  lon^  as  the  num- 
bers generated  by  its  model  appeared  to  support  price  increases 
(rather  than  rollbacks)  the  Council  was  willing,  notwithstanding  the 
many  limitations  it  recognized  in  its  model,  to  have  readers  think  that 
these  numbers  were  meaningful  for  a  quantitative  assessment  of  price 
policies. 

"The  most  effective  economic  incentive  would  be  to  allow 
prices  to  increase  to  the  level  at  which  the  industry  can  attract 
and  internally  generate  the  risk  capital  needed  to  expand 
activity  to  its  maximum  capability.  This  requires  both  a  fair 
retum'on  total  investment  (e.g.,  return  on  net  fixed  assets) ,  as 
well  as  the  anticipation  of  attractive  returns  on  current  and 
future  investments. 

During  the  last  10  to  15  years,  real  prices  of  oil  and  gas 
at  the  wellhead  have  declined  while  real  costs  have  been  in- 
creasing. As  a  result,  both  drilling  activity  and  addition  of 
new  reserves  have  declined  rapidly.  Assuming  a  15-percent 
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annual  rate  of  return  in  constant  1970  dollars,  1985  average 
oil  prices  may  have  to  range  from  $5.(;6  to  $7.21  per  barrel, 
and  1985  average  gas  prices  may  have  to  range  from  $0.31 
to  $0.59  per  MCF  to  support  the  activity  levels  assumed 
(Cases  I A  and  IVA).  If  prices  for  gas  found  prior  to  1971 
are  prevented  from  increasing  by  regulatory  or  contractual 
restrictions,  the  required  price  in  1985  for  gas  found  after 
1970  would  be  on  the  order  of  30  to  50  percent  greater  than 
the  average  prices  calculated. 

Even  a  continuation  of  drilling  activity  along  the  current 
declining  trend  will  require  price  increases  of  about  $2.00 
per  barrel  and  $0.15  per  MCF  by  1985  if  the  petroleum  indus- 
try is  to  realize  a  15-percent  return  on  its  net  fixed  assets." 

In  fairness  to  the  NPC,  no  model  or  methodology  can  answer  all 
questions  equally  well,  and  the  NPC  report  is  hedged  with  sufficient 
disclaimers  to  deter  any  careful  reader  from  taking  most  of  its  pro- 
jections, above  all  its  price  projections  at  face  value. 

Senator  Jackson  did  not,  in  his  statement  quoted  by  Mr.  Brown, 
assert  that  the  NPC  "price"  estimates  were  correct.  He  cited  them, 
as  evidevce  of  the  levels  which  the  oil  industry  thought  harely  one  year 
ago  would  he  necessary  to  support  a  sharp  upturn  in  domestic  invest- 
ment and  production.  These  figures  were  used  by  the  NPC  for  exactly 
that  purpose —  to  propagandize  for  higher  prices. 

Taken  precisely  in  the  context  of  the  whole  NPC  report.,  which  was 
used  by  the  Council  to  underpm  the  industry's  defense  of  higher 
prices,  oil  import  quotas,  and  tax  preferences,  it  is  entirely  proper  to 
say,  as  Senator  Jackson  did,  that  "these  were  the  prices  domestic  in- 
dustry said  it  needed  onlv  a  little  over  a  vear  ago.  .  .  ." 


TABLE  15.- 

-AVERAGE  REQUIRED  PRICES  FOR  OIL  AND  GAS— 1970  CONSTANT  DOLLARS 

Actual  > 

Projected  at  15  percent  return  on 
net  fixed  assets 

1965 

1970 

1975            1980             1985 

HIGH  FINDING  RATES 

Crude  oil  price  (dollars  per  barrel): 

Case  I 3.26 

Case  II _._  3  26 

Gas  field  price  (cents  per  thousand  cubic  feet): 

Case  I 17.8 

Case  II 17.8 

LOW  FINDING  RATES 

Crude  oil  price  (dollars  per  barrel): 

Case  III o  oc 

Case  IV :::::■: 326 

Gas  field  price  (cents  per  thousnad  cubic  feet): 


Case  III. 
Case  IV. 


3.18 
3.18 

3.65 
3.63 

4.90 
4.73 

6.69 
6.18 

17.1 
17.1 

26.7 
26.2 

33.7 
31.8 

43.6 
39.8 

3.18 
3.18 

3.67 
3.57 

4.95 
4.39 

6.60 
4.28 

17.1 
17.1 

27.9 
26.6 

37.8 
31.6 

53.0 
38.7 

Bureau  of  Mines'  actual  data,  unadjusted  for  rate  of  return. 
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"ENERGY  SELF-SUFFICIENCY:  AN  ECONOMIC  EVALUATION" 

Complete  independence  from  foreign  energy  supplies  is  a  form  of 
insurance  against  energy  disruption  or  price  increase  which  the  U.S.  could 
purchase  only  at  very  high  cost.  Other,  less  costly,  ways  to  achieve  that 
goal  remain  to  be  exploited.  Here  is  a  summary  of  U.S.  energy  policy 
alternatives  to  1980,  the  result  of  an  intensive  study  of  energy  technology 
and  economics  by  members  of  the  M.I.T.  Energy  Laboratory,  colleagues, 
and  consultants 
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An  Economic  Evaluation 
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Foreword:  The  Report  and  Its  Sources 


The  report  that  begins  on  the  opposite  page  had  its 

fenesis  at  least  four  years  ago,  when  a  number  of  mem- 
crs  of  M.I.T.  faculty  became  concerned  with  this  na- 
tion's ever-growing  use  of  energy;  given  limits  on  do- 
mestic supplies,  it  was  evident  even  then  that  changes 
in  the  extent  and  nature  of  energy  availability,  how- 
ever they  came,  would  soon  deeply  and  broadly  affect 
the  American  economy. 

Analysis  of  the  energy  situation  was  expanded  in 
M.I.T.  classrooms  and  laboratories,  with  the  result  that 
a  great  deal  of  new  work  was  begun  in  many  fields  of 
technology,  management,  and  the  social  sciences.  To 
crystallize  and  provide  a  focus  for  the  interdisciplinary 
interests  which  were  clearly  emerging,  the  Institute  es- 
tablished an  Energy  Laboratory  in  1972;  its  Director  is 
David  C.  White,  Ford  Professor  of  Engineering. 

Thus  by  the  fall  of  1973,  when  it  became  clear  that 
the  forecasts  of  energy-induced  dislocations  might  be 
fulfilled  far  more  quickly  than  most  of  us  had  expected, 
the  Institute  had  in  being  an  informed  and  effective 
working  group  with  an  understanding  of  energy  issues 
ranging  from  economics,  marketing,  and  policy  prob- 
lems to  technological  options  and  environmental  issues. 
The  M.I.T.  administration  believed  this  to  be  a 
uniquely  informed,  independent  resource,  and  we  ac- 
cordingly proposed  early  this  year  that  the  Energy  Lab- 
oratory's Policy  Study  Group  turn  its  attention  to  tha 
concept  of  "Project  independence" — the  effort  to  de- 
velop and  exploit  U.S.  energy  resources  so  intensively 
that  by  1980  the  nation  would  no  longer  need  to  de- 
pend on  imported  fuels.  The  implications  of  that  ef- 
fort— the    question    of    whether    the    goal    could    be 


achieved  and,  if  so,  the  price  its  achievement  might 
entail  for  the  nation — became  the  focus  of  a  major 
M.I.T.  study,  of  which  the  following  is  the  full,  final 
report.  The  Group  and  its  consultants  from  other  uni- 
versities have  been  greatly  encouraged  and  helped  by 
the  interaction  of  many  government  agencies  whose 
staffs  shared  data  and  reviewed  or  helped  refine  the 
interim  results. 

The  report  which  follows  does  not  propose  to  show 
how  the  nation  can  solve  its  energy  problems.  Its  cen- 
tral theme  is  to  study  the  responsiveness  of  today's 
complex  energy  system  to  those  changes  in  the  supply 
of  fuels  and  in  the  demand  for  energy  which  are  in  fact 
possible  by  1980  through  present  and  foreseeable  tech- 
nology, and  the  effect  on  both  these  of  changes  in  the 
prices  of  fuel  and  of  energy.  The  best  of  forecasters  is 
humbled  by  questions  in  this  realm,  and  yet  the  issues 
now  before  the  country  demand  that  our  discussion  of 
policies  and  alternatives  be  based  on  the  most  com- 
petent and  disinterested  understanding  of  just  these 
interrelationships.  The  purpose  of  this  report,  and  of 
M.I.T.  in  sponsoring  it,  is  to  help  achieve  that  goal. 

Behind  every  energy  bottleneck  and  in  every  future 
decision  stand  serious  societal  issues — nuclear  power 
plant  safety,  environmental  protection,  and  many 
others.  Such  issues,  though  both  appropriate  and  im- 
portant to  the  debate  which  is  now  in  progress  through- 
out the  nation,  are  beyond  the  scope  of  this  report. 

—Albert  G.  Hill 

Vice  President  for  Research,  M.I.T. 
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Overview  of  the  Study 


The  United  States  is  dedicated  to  a  policy  of  indepen- 
dence from  foreign  supplies  of  energy.  L'nder  the  nann' 
"Project  Independence,"  goals  have  been  set  whicli  call 
for  complete  self-sufficiencv  In  the  end  of  the  dicade. 
to  free  the  nation  from  the  threat  of  disruption  in  oi! 
imports  and  from  sharp  price  increases — or  a  hi-^lier 
price  level — tor  oil  and  gas  from  abroad.  It  has  hi-eii 
stated  that  the  first  priority  for  the  new  Federal  ICnergv 
Agency  will  be  "to  work  with  other  government  agen- 
cies to  prepare  a  comprehensive  plan  to  make  the  na 
tion  sell-sufficient  in  energy  b\  19.S0."' 

This  study  seeks  to  evaluate  the  state  of  the  econonn 
under  energy  self-sufficicnc\.  On  the  assumption  that 
the  United  States  meets  all  its  energv  demands  Irom  in- 
ternal sources  by  19S0.  forecasts  ale  made  of  the  mar- 
ket-clearing prices  for  various  forms  of  ener<;v — the 
prices  at  which  supply  and  demand  will  bi'  in  equilib- 
rium. The  results  indicate  th.it  prices  of  S  10.00  to  •S12.00 
per  barrel  (oil-equivalent)  will  be  netessarv  to  bring 
forth  enough  additional  supplies  of  fossil  fuels  to  sat- 
isfy demands  in  domestic  energ\  markets  bv  that  time. 
This  means  that  even  if  concerted  efforts  were  made  to 
remove  the  bottlenecks  that  now  exist  in  these  markets 
(such  as  federal  price  regulation  of  natural  gas),  there 
would  have  to  be  another  round  ol  price  increases  for 
consumers  as  great  as  that  experienced  in  197.3-1974. 

In  short,  selt-sufficiencv.  as  a  form  of  "insurance" 
against  disruption  or  price  increase,  will  be  purchased 
at  a  very  high  cost.  The  curtailment  of  iniports  acts  to 
replace  a  temporary  embar',;o,  or  a  threat  of  an  em- 
bargo, with  a  permanent  embargo  tliat  increases  prices 
bevond  present  levels. 

There  are  other  ways  to  approach  the  pro!>lem  of 
U.S.  dependence  on  foreign  sources.  One  wav  involves 
the  use  of  flexible  tariffs  or  ((uotas  to  hold  the  oil  price 
at  a  high  level  that  woukl  reduce  imports.  This  method 
is  examined  in  detail,  and  it  is  concluded  that  tlie  cur- 
rent oil  price  is  high  enough  to  extract  present  domestic 
oil  and  gas  reserves  with  great  efficiencv.  .\  still  hi Jier 
price  would  have  only  a  marginal  effect  on  exploration 
production  over  the  ni-xt  few  ve.us  vMlhin  the 
United  States.  Current  pricis  ,ds<)  provide  .unple  in- 
centives for  coal  production.  However,  it  nuglit  require 
a   doubling   of  price   to   provide   enough    incentive    to 


'  New  York  Times,  May  8,  1974, 


1)1  nig  .iliont  l.ugc-ve.de  CMniinerci,il  devflo])ment  of 
synthetic  lui  Is  in  the  near  lutuii — .md  their  dcvclop- 
nieiil  IS  not  siillicii  nllv  promising  ol  large  snjiplies  to 
liistitv  such  high  prices  for  till  cmr;;i/.  it  is  concludi'd. 
thereloie  that  the  import  |)rici-  n.-w  puv.nlinu  is  high 
enor.gh.  and  liltle  is  to  be  g.iin.  ,|  In  r.using  it  more, 
ihe  use  ol  i.uilK  or  (juoLiC  to  inue,.^<>  prices  should 
not  be  adopted  as  ,in  Instrument  of  polu  \  .il  this  time. 

I'oi  maiiv  lit  ihe  same  rcisons.  there  is  no  need  at 
present  to  prov  ule  a  firm  floor  under  present  pjiccs. 
Most  mdustiv  experts  seem  to  believe  that  th«Te  .ire  in- 
centives lor  aue(|uale-  domestic  suppiv  exp.insirm  at 
1)1  ices  as  low  as  $7.00  p.r  barrel  so  tlii're  is  little  need 
to  set  a  price  floor  under  current  contlitions.  Should  es- 
timates ol  suppiv  costs  change,  this  judgment  would 
have  to  be  reconsidered. 

Spicial  price  policies  should  be  developed  tor  the 
svnthetics  industrv,  though.  The  best  w..v  to  bring  lorth 
signific.iiit  supplns  ot  "sviigas, '  "sv  ncrude, '  meth.uiol,  or 
shale  oil  m  the  iulc  nineieen-eighties  would  be  to 
identify  these  as  a  specl.d  class  ot  new  eneigv  sources 
.md  provitlt."  specip.c  price  guarantees  for  such  out[jiit. 
The  lederal  government  ought  to  olK  i  to  purchas.  oil 
g.is.  or  methanol  from  svntlietic  commeicial  plants  at  a 
price  agreed  upon  bv  negotiation  or  resulting  from  com- 
petitive bids. 

Setiuitv  i.ii,  be  provided  a^.iinst  import  disruption 
l)v  the  introduitlon  ol  radicallv  new  import  policies. 
One  M. port, lilt  (lenient  would  be  an  import  stor.sge 
pio^Kiin  bv  vvliiih  .i  stockpile  oi  eruile  oil  bev.piul  nor- 
m.il  inviiiloiies  would  be  mainl,!iiied  as  .i  !» dge 
.ig.iinst  signific.e.t  .mil  lengthy  embarg.ie-.  Ihe  m.ii.i- 
ten.iiice  ot  .1  s!ockp;!>-  to  guard  agiuist  ,i  .  '  ,  ,e.ir 
cutoif  of  2  mil'ion  biirreK  per  da\  of  imports  would 
cost  ..bout  oOyO  million  per  vear.  If  l!ie  government  le- 
(luliiil  th.:(  ;i  he  provided  bv  the  ..l!  iniln  .iv,  tile  cost 
ot  oil  ilelr.eriil  to  consumers  vvouUI  lis,  bv  no  more 
th,m  Kir  [K,  iMnel.  or  two-ihirds  ot  a  e- ft  per  gallon. 
Olhe.  eleni.  ,ts  of  a  lorerui.  pnieluise  piout.un  ..i.  lot 
work..l  out  in  ^hl^  stnd-  but  the  -ieiieLd  ihiust  r)!  (he 
sclu  nie  would  be  I.,  purehase  oil  Irom  .tbio.id  \v>,en  the 
s.Hiiees  ,.ri  lorecasi  to  be  Iree  irom  "bloc"  policies  to 
restrict  supplies.  \Miile  indept  iidencv  can  be  partiallv 
.lehieved  a  number  of  diil'.ient  wavs.  the  least-cost 
solution  will  n.os'  likelv  involve  a  conibmaf  .i.  of  sev- 
eial  spicilic  nupoit  ,ind  subsidv  schemes,  rather  than  a 
cumplcte  cessation  of  imports. 
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One:  The  Critical  Uncertainties 


In  the  wake  of  the  recent  Mideast  war  and  the  dis- 
ruption of  international  petroleum  markets,  a  commit- 
ment has  been  made  to  free  the  United  States  from  de- 
pendence on  insecure  and  expensive  foreign  sources  of 
energy.  The  program  to  achieve  this  objective  has  been 
termed  "Project  Independence",  as  currently  defined,  it 
implies  a  goal  of  domestic  self-sufficiency  in  energy  by 
1980.  L'nder  this  definition.  Project  Independence 
raises  issues  that  cut  across  the  full  range  of  govern- 
ment and  corporate  policies  in  the  energy  sector  of  the 
economy.  There  are  implications  for  controls  of  domes- 
tic prices,  controls  of  imports,  for  incentives  to  domestic 
production,  and  for  the  development  of  new  technol- 
ogies. Most  important,  there  are  implications  for  the 
prices  which  American  consumers  will  pay  for  energy 
or  for  products  using  energ)' — which  in  turn  embrace 
the  full  range  of  goods  and  services  comprising  the  U.S. 
Gross  National  Product. 

The  central  concern  is  whether  Project  Independence 
can  result  in  domestic  supply  and  demand  equilibrium 
at  socially  tolerable  prices.  Examination  of  the  issues 
requires  a  comparison  of  the  likely  market-clearing 
prices  for  energy  products  under  two  conditions;  com- 
plete self-sufiBciency  and  the  absence  of  self-sufficiency, 
which  implies  some  degree  of  net  import  demand.  Such 
forecasts  arc  extremely  difficult  to  make  at  the  present 
time,  because  of  critical  and  in  some  cases  irreducible 
uncertainty  in  five  sets  of  factors. 

a  One:  Responsiveness  of  Domestic  Supply  and  De- 
mand to  Price  Changes.  There  is  now  available  a  wide 
range  of  estimates  of  expected  demand  and  supply  for 
energv-  in  the  early  nineteen-eighties.  Some  studies  show 
the  market  for  most  energy  products  clearing  b\-  1980 
with  no  net  imports  (or  nearly  none)  on  the  basis  of  an 
(equivalent )  oil  price  of  $6.00  to  .57.00  per  barrel.  Other 
studies  indicate  that  the  market-clearing  price  will  rise 
as  high  as  $15.00  per  barrel  before  self-sufficiencv  is 
attained. 

The  desirable  mi.x  of  policy  measures  to  achieve  Proj- 
ect Independence  depends  upon  whether  the  price  is 
$6.00  or  $15.00  per  barrel,  and  the  economic  costs  and 
benefits  of  Project  Independence  are  greatly  different 
over  this  range  of  outconips.  If  the  economy  were  to 
adjust  smoothly  to  exclusively  domestic  supply  at  $6.00 
per  barrel,  then  the  desired  Government  policy  would 
be  to  remove  unnecessar\'  bottlenecks  to  the  adjustment 
process  and  otherwise  do  nothing.  But  if  a  price  of 
S15.00  is  required  to  clear  markets  with  exclusively 


domestic  supplies,  then  the  policy  of  doing  nothing 
would  have  undesirable  income  distribution  implica- 
tions and  perhaps  unacceptable  effects  on  the  rate  of 
growth  and  employment  of  resources  in  the  domestic 
economy.  Therefore,  it  is  extremely  important  to  re- 
duce the  uncertainties  in  predictions  of  the  1980  equi- 
librium price,  insofar  as  it  is  possible  to  do  so. 

The  approach  here  is  to  combine  studies  of  supply  for 
specific  energy  resources  with  overall  demand  fore- 
casts to  estimate  "total  supply  and  total  demand"  for 
cnerg)-  in  the  domestic  economy.  The  studies  used 
imply  different  levels  of  responsiveness  of  supply  and 
demand  to  price,  and  the  resulting  estimates  define  a 
range  of  prices  likely  under  energy  self-suflBciency. 
Sections  3  through  7  are  devoted  to  specific  fuels,  and 
the  overall  supply  and  demand  estimates  for  1980  are 
summarized  in  Section  2. 

D  Two:  World  Oil  Price.  The  price  of  oil  imports  to 
the  United  States  is  now  well  over  $9.00  per  barrel. 
Evaluation  of  Project  Independence  requires  an  esti- 
mate of  this  price  in  the  future,  because  the  alternative 
to  self-sufficiency  is  to  continue  to  purchase  supplies 
from  international  oil  markets.  If  the  world  oil  price 
were  greatly  reduced,  the  cost  of  Project  Inde- 
pendence— in  terms  of  our  inabilitv'  to  purchase  cheap 
supplies  abroad — would  be  greatly  increased. 

There  is  little  basis  upon  which  to  predict  any 
specific  oil  price  over  the  next  ten  years.  As  discussed  in 
Section  8,  the  critical  uncertainty  concerns  the  ability  of 
the  Persian  Gulf  states  to  restrict  production  so  as  to  in- 
crease the  price  for  their  sales  and  the  sales  of  other 
countries  not  taking  part  in  output  restriction.  These 
political  matters  cannot  be  forecast  with  any  degree  of 
accuracy.  .\s  a  result,  the  price  could  drift  up  or  down 
over  a  period  of  years  within  a  range  of  $4.00  to  $12.00 
per  barrel,  and  it  becomes  impossible  to  evaluate  Proj- 
ect Independence  with  precision.  All  that  can  be  done 
here  is  to  concentrate  our  anal\  sis  on  the  range  of  pos- 
sible quantities  and  prices  of  oil  and  gas  from  abroad. 

n  Three:  The  Costs  of  Synthetic  Fuels.  Sooner  or  later, 
liquefaction  or  gasification  of  coal  will  take  place  in 
the  United  States,  and  there  will  be  substantial  develop- 
ment of  oil-shale  resources.  The  issue  is  not  whether 
such  resources  will  be  forthcoming,  but  when  there  will 
be  capacity  suflBcient  to  provide  substantial  volumes  of 
oil-equivalent  supplies.  The  timing  is  not  easy  to  es- 
timate. Any  assessment  depends  on  the  trade-off  be- 
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tween  the  pace  of  development  and  its  cost  in  terms  of 
resources  and  environmental  damage.  This  trade-off 
is  not  well-defined  at  present,  while  several  liquefaction 
or  gasification  technologies  are  under  active  develop- 
ment, they  involve  untested  technology.  Where  ex- 
perience with  particular  processes  has  become  avail- 
able, operation  nas  taken  place  at  a  scale  from  10  to  30 
per  cent  of  the  size  of  contemplated  commercial  units. 

Estimates  of  the  price  incentives  necessar)'  to  bring 
these  new  processes  on-line,  and  at  capacity  levels 
supporting  production  of  millions  of  barrels  per  day,  can 
be  made  only  within  very  wide  ranges.  Attempts  are 
made  in  Section  7  to  summarize  data  currently  avail- 
able on  the  processes  and  establish  the  ranges  of  likely 
costs  for  each.  While  they  do  not  promise  significant 
supplies  by  the  early  nineteen-eighties  at  prices  com- 
parable to  those  for  fossil  fuels,  there  may  be  some 
chance  that  these  processes  can  make  at  least  modest 
additions  to  domestic  energy  resources  in  this  period. 

D  Four:  Expansion  Capacity  of  the  Construction  In- 
dustry. In  the  process  of  scaling  up  the  domestic  fuel 
industry,  tremendous  pressures  will  be  placed  on  par- 
ticular segments  of  the  construction  industry.  Prices 
charged  for  construction  might  rise  steeply  as  a  result, 
and  critical  bottlenecks  could  develop  in  completing 
the  schedule  for  achieving  independence  in  the  nine- 
teen-eighties. These  problems  in  construction  may  be 
exacerbated  by  problems  in  transportation  of  fuels — 


there  ma\'  not  be  sufficient  capacity  to  provide  unit- 
train  service  for  coal  from  the  western  regions  of  the 
countr)',  for  example.  The  expansion  capabilities  of  the 
construction  industry,  the  transportation  industries,  and 
providers  of  industrial  inputs  such  as  the  water  system 
of  the  United  States  are  not  well  understood  at  the 
present  time.  Further  careful  consideration  of  the 
"scaling"  effect  on  industries  serving  the  energy  sector 
of  the  economy  is  required. 

n  Five:  The  Nature  of  Security.  Foreign  sources  of 
energy  are  highly  diverse  in  the  security  problems  they 
present.  The  level  of  .American  vulnerability  is  a  com- 
plex function  of  the  total  import  volume,  the  fraction  of 
imports  from  any  one  country,  and  the  specific  sources 
of  imports.  As  a  result,  there  is  critical  uncertainty 
about  the  dimensions  and  the  likelihood  of  the  dis- 
ruptive e\ents  that  Project  Independence  is  tr\ing  to 
guard  against.  This  makes  it  difficult  to  c\alu:ite  Proj- 
ect Independence,  since  the  nature  of  the  security  gain 
is  not  well  specified. 

Uncertainties  in  these  five  areas  make  it  extremely 
difficult  to  analyze  any  policy  fa\oring  self-sufficiency  in 
energy.  But  there  can  be  no  doubt  that  Project  Inde- 
pendence will  require  much  higher  levels  of  domestic 
prices  than  are  likely  to  occur  without  independence. 
This  will  be  shown  in  the  next  section  in  summary 
form,  and  in  the  following  sections  in  some  detail. 


Two:  Energy  Supply  and 
Demand  in  1980 


When  trade  takes  place  with  foreign  suppfiers,  the 
price  of  energy  can  never  rise  above  the  price  at  which 
supply  would  equal  demand  if  only  domestic  supplies 
were  available,  since  importation  from  abroad  must 
add  some  quantitv  to  supply,  and  thus  reduce  the  price. 
Therefore,  we  ask  how  high  the  price  may  be  for  ex- 
clusively domestic  supply-demand  equilibrium,  since 
the  answer  to  this  question  provides  a  first  indication 
of  the  "cost"  of  security. 

Tables  2.1  and  2.2  present  a  general  picture  of  do- 
mestic energy  market  in  1980,  with  all  quantities  con- 
verted into  equisalent  barrels  of  oil.'  Supplies  of  dif- 
ferent fuels  and  overall  energy  demand  are  estimated 
at  prices  of  S7.00,  $9.00,  and  $11.00  per  barrel  (in  con- 
stant 1973  dollars),  and  the  results  define  points  on 
approximate  supply  and  demand  curves  for  total  en- 


'  A  fuel  is  made  "oil  equivalent"  by  finding  the  number  of  bar- 
rels of  oil  which  has  the  same  heating  value  as  a  given  quantity 


ergy.  By  looking  at  the  intersection  of  these  curves — 
the  point  where  domestic  supply  and  demand  appear 
to  be  in  balance — we  can  predict  the  prices  implied  by 
a  goal  of  self-sufficiency  at  the  end  of  the  decade. 

Table  2.1  contains  supply  estimates  based  on  detailed 
econometric  studies  of  oil  and  natural  gas.  These  analy- 
ses rely  on  extrapolation  of  the  recent  behavior  of  en- 
ergy markets,  and  as  such  the  forecasts  for  19S0  are 
likely  to  be  an  optimistic  extension  of  patterns  in  the 
nineteen-sixties  and  early  ninetecn-seventies.  The  table 
also  shows  two  estimates  of  demand,  one  econometric 
and  one  judgmental.  The  econometric  estimate  ( Hud- 
son-Jorgenson )  is  based  upon  a  large-scale  econometric 
model  of  energy  demand  in  the  United  States,  and  re- 
flects a  relatively  strong  change  in  demand  when  prices 
change.  The  judgmental  estimate,  like  the  judgmental 
estimates  for  individual  fuels  from  which  it  was  com- 
piled, does  not  take  explicit  account  of  the  response  of 
energy  demand  to  price  changes. 

Table  2.2  shows  the  same  two  demand  estimates,  but 
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T«ble  2.1;  F.nerg>'  Equilibrium  in  1980, 
IMng  Supply  Forecasts  Based  on  Econo- 
mrtric  Models.  Such  forecasts  arc  extrap- 
olations i)t  conditions  in  the  nineteen- 
siilies  and  early  nineteen-seventies.  Here 
they  are  compared  with  two  forecasts  of 
demand  L'sing  the  econometric  demand 
forecast  bv  Hudson  and  Jorgenson,  the 
overall  prediction  is  that  domestic  sup- 
plies might  meet  demand  at  a  price  as 
low  as  $9  00  per  barrel.  But  using  the  judg- 
mental demand  forecast,  the  price  is  pre- 
dicted to  be  near  $11.00.  A  calculation  by 
.Martin  Baughman,  using  the  M.I.T.  Model 
of  Intcrfuel  Subsbtution,  shows  a  market- 
clearing  price  of  $12.50  per  barrel. 


Table  2.2:  Energy  Equilibrium  in  1980, 
I'sing  Judgmental  Supply  Forecasts.  In 
this  table,  judgmental  supply  forecasts  for 
oil  and  natural  gas  are  substituted  for  the 
predictions  of  econometric  models  shown 
In  Table  2  1  The  result  is  a  prediction 
that  the  price  of  «elf-sulBciency  will  be 
well  over  $11.00  per  barrel — even  with 
the  Hudson-Jorgenson  econometric  fore- 
casts, which  imply  a  large  reduction  in 
demand  when  prices  i 
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$7.00 
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6.2 

6.2 
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0.0 

0.0 
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Tolal  supply 

38.5 

42.6 

46.0 
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44.2 

42.4 

40.6 
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45.6 

45.6 

45.6 
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$7.00 

$9.00 

$11.00 
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13.6 

13.6 

13.6 
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11.5 

11.5 

11.5 

Coal 

M.I.T,  analysis 

7.1 

8.0 

8.0 

Uranium  and  hybroeleclric 

Equlpmenl  survey 

6.2 

6.2 

6.2 

New  technology 

M  I.T.  analysis 

0.0 

0.0 

0.1 

Total  supply 

38.4 

39.3 

39.4 

Forecast  o(  total  d 

am.nd 

Hudson-Jorgenson 

44.2 

42.4 

40.8 

Judgmental 

45.6 

45.6 

45.6 

it  provides  a  contrasting  prediction  of  supply,  based  on 
judemental  forecasts  for  oil  and  natural  gas  instead  of 
analytical  model  results.  These  judgmental  forecasts 
were  made  by  individuals  or  organizations  versed  in 
the  energy  industry;  their  "inputs"  included  not  only 
formal  or  quantitative  modeling  of  recent  experience 
but  qualitative  analysis  of  the  future  as  well.  As  a 
comparison  of  the  tables  shows,  the  econometric  and 
judgmental  forecasts  of  oil  and  gas  imply  similar  levels 
of  supply  at  the  lower  end  of  the  price  range,  but  the 
econometric  models  yield  significantly  higher  supphes 
at  high  prices.  Similarly,  the  two  demand  estimates  are 
the  same  at  approximately  S5.50  per  barrel  (which  is 
below  the  price  range  shown  in  the  tables),  but  the 
econometric  estimate  falls  below  the  judgmental  one  at 
prices  above  this  level. 

The  tables  indicate  a  wide  range  of  possible  values 
for  the  price  required  to  clear  domestic  markets  using 
only  Lnited  States  energv  sources.  .\t  one  extreme 
(he  most  optimistic  forecast  results  from  the  econo- 
metric estimates  of  total  supplv  and  total  demand  in 
Table  21.  which  show  market-clearing  in  the  neieh- 
borhood  of  S9  00  per  barrel.  This  is  an  extremely  op- 
timistic prediction:  for  it  to  occur,  both  the  econometric 
estimates  of  supply  (which  are  very  probably  optimis- 
tic)  and  the  econometric  model  ol  demand   (which 


shows  a  strong  price  response)  must  be  assumed  to 
hold.  If  the  judgmental  supply  estimates  of  Table  2.2 
prove  to  be  more  accurate,  then  even  with  demand  that 
is  highly  price-elastic,  the  prohibition  of  imports  im- 
plies a  price  near  .$13.(X)  per  barrel.  .\nd  if  demand 
proved  to  be  less  responsive  than  estimated  by  econo- 
metric techniques,  the  price  would  be  even  higher. 

All  these  forecasts  are  necessarily  imprecise.  The 
judgmental  estimates  normally  imply  conservative  as- 
sumptions about  price  response,  or  they  ignore  price 
altogether — a  clear  weakness  of  the  judgmental  ap- 
proach. On  the  other  hand,  the  econometric  models 
are  limited  in  their  capacity  to  consider  the  effects  of 
future  resource  depletion  or  constraints  on  supplies  of 
equipment  and  personnel.  Hence  the  judgmental  and 
econometric  methods  should  be  used  to  complement 
each  other,  so  in  this  case  the  truth  likely  falls  some- 
where between  the  low  clearing  price  yielded  by  econo- 
metric methods  and  the  high  price  implicit  in  the  judg- 
mental analysis. 

Until  more  experience  is  gained  at  these  high  price 
levels,  the  uncertaintv'  over  this  range  of  prices  will  re- 
main. On  balance,  however,  the  results  point  to  the 
conclusion  that  the  price  of  energy  would  be  from 
$10.00  to  $12.00  per  barrel  if  supplies  were  limited  to 
those  w  ithin  the  United  States. 
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The  Supply  Forecasts 

The  economic  and  judgmental  forecasts  of  supply  are 
described  in  detail  in  Sections  3  through  7.  But  here  it 
may  be  appropriate  to  characterize  them  in  general 
terms,  so  as  to  point  out  the  extent  of  imprecision  in 
the  numbers  shown  in  the  tables. 

D  The  Bases  of  the  Forecasts.  The  economic  analyses 
in  Table  2.1  show  four  important  sources  of  domestic 
energy:  crude  oil,  natural  gas,  coal,  and  nuclear  and 
hydroelectric  power.  The  crude  oil  sources  are  forecast 
to  produce  more  from  both  onshore  and  offshore  do- 
mestic wells  in  1980  than  at  the  present  time,  because 
the  incentives  of  increased  price  more  than  com- 
pensate for  depletion  of  inground  reserves.  The  sup- 
phes  of  natural  gas  are  also  characterized  bs'  significant 
growth  over  the  next  few  years,  as  a  result  of  a  doubling 
of  field  prices,  which  more  than  compensate  for  deple- 
tion effects  there  as  well.  In  both  oil  and  gas,  it  is  as- 
sumed that  significant  new  discoveries  are  made  off- 
shore in  areas  previously  restricted  from  exploration, 
and  that  these  resources  are  developed  on  a  large  scale. 
The  supplies  of  coal  are  predicted  with  the  assumption 
of  an  entirely  new  industry — strip-mining  in  south- 
eastern Montana. 

There  are  two  critical  estimates  which  must  be  made 
in  forecasting  energy  supplies:  supply  responsiveness 
to  price  increases,  and  depletion  effects.  These  esti- 
mates are  quite  imprecise,  because  of  poor  data  in  all 
energy  industries — particularly  in  coal,  where  there  is 
no  industry  at  all  in  Montana  at  the  present  time. 

It  is  more  difficult  to  assess  the  judgmental  forecasts 
reported  in  Table  2.2.  Here,  one  usually  cannot  know 
what  factors  determined  the  estimate,  nor  can  one  con- 
sider the  variation  around  the  forecast.  Thus  these  fore- 
casts could  be  more  subject  to  error  than  an  economic 
forecast,  but  there  is  no  way  of  knowing  this.  The  ap- 
proach here  has  been  to  use  the  forecasts  that  have  been 
made  in  most  detail,  by  individuals  or  organizations 
who  have  worked  for  some  time  on  either  the  pro- 
cedures for  forecasting  or  the  forecasts  themselves. 

D  The  Sources  of  the  Forecasts.  The  economic  fore- 
'    cast  for  oil  supply  is  based  upon  a  crude-oil  supply 
model  in  existence  for  more  than  a  decade.  It  was  first 
constructed   by    Franklin    Fisher   at    M.I.T.,    then    re- 
constructed and  updated  in  more  recent  years  by  Ed- 
I   ward  Erickson  and  Robert  Spann  at  North  Carolina 
State  University.  The  economic  forecast  for  natural  gas 
I   is  based  upon  a  large-scale  econometric  gas  model  at 
M.I.T.  that  has  been  used  extensively  for  forecasting 
the  results  of  policy  change  in  the  regulation  of  natural 
gas.    The    supplies    of    coal    have    heretofore    been 
neglected  by  analysts;  our  procedure  has  been  to  use 
the  expertise  and  judgment  of  two  economic  analysts 
working  on  coal  at  the  present  time — Martin  Zimmer- 
man of  M.I.T.  and  Richard  Gordon  of  Pennsylvania 
State   University.   They   produce   a    combination    eco- 
!  nomic-judgmental  forecast  that  is  used  in  Tables  2.1 
and  2.2.  Similarly,  supplies  from  new  technology  are 
estimated  by  a  group  of  engineering  analysts  versed  in 
I  these  technologies  and  working  under  the  direction  of 
I  Herman  P.  Meissner  at  M.I.T.  Their  forecasts  are  judg- 
i  mental,  but  heavily  bolstered  by  analytical  work  on  the 
;  performance   of   new    technologv-   in   the   recent   past. 
Finally,  supplies  of  uranium  and  hydroelectric  energy 


are  fixed  by  present  plant  capacities  and  by  the  con- 
struction of  new  plants  in  the  next  few  years.  Therefore, 
forecasts  of  such  supply  are  limited  to  what  these  plants 
can  produce,  stated  in  terms  of  net  output.^ 

In  Table  2.2,  we  substitute  the  National  Petroleum 
Council  judgmental  forecasts  for  the  econometric  fore- 
casts. The  N.P.C.  study  is  noted  for  exceptional  detail 
and  for  having  reconciled  a  wide  variety  of  views  of 
those  in  the  oil  industry  concerning  future  supplies.  It 
is  not  an  analytical  or  even  a  formal  forecast;  there  is 
some  doubt  whether  the  N.P.C.  study  even  relates  sup- 
plies of  crude  oil,  gas,  or  coal  to  alternative  prices.  But 
it  is  used  here  because  of  the  authority  of  those  who 
participated  in  the  N.P.C.  exercise — the  wide  range  of 
interests  and  expertise  was  extremely  impressive — and 
because  these  individuals  dealt  directly  with  future 
depletion,  while  the  econometric  models  only  extra- 
polate past  depletion. 

The  Hudson- Jorgenson  Model  of  Demand 

Edward  Hudson  and  Dale  Jorgenson  attempt  to  fore- 
cast demands  and  supplies  for  nine  broad  industrial 
sectors  over  the  period  1973  to  2000.  They  can  then  ob- 
tain a  projection  of  total  energy  demand  and  supply 
over  that  period.  Three  basic  models  are  used  to  pro- 
vide the  forecasts.  First,  a  "long-term"  macroeconomic 
model  is  used  to  predict  levels  of  final  G.N. P.  demand 
and  also  to  predict  the  prices  of  the  factors  of  produc- 
tion— capital  and  labor.  Then,  taking  these  final  de- 
mands and  prices  as  given,  two  further  models — a  pro- 
duction model  and  a  consumer-behavior  model — are 
used  to  calculate  the  inter-industry  flow  of  products 
and  the  prices  for  these  products. 

To  calculate  final  energy  demands,  Hudson  and 
Jorgenson  must  forecast  total  demand  for  products 
and  the  energy  used  per  unit  of  product.  In  general, 
this  computation  involves  a  very  complicated  model, 
since  both  total  demand  for  products  and  the  de- 
mand for  inputs  used  in  creating  these  products  are 
determined  simultaneous!)-  as  a  function  oi  equilibrium 
prices — the  prices  at  which  markets  clear.  Hudson  and 
Jorgenson  simplify  this  problem  by  separating  the  con- 
sumption and  production  sides  of  the  model  through 
assuming  an  input-output  structure  of  production.  How- 
ever, as  an  advance  over  previous  work,  the\  estimate 
the  input-output  coefficients  as  a  function  of  prices. 
Thus  the  procedure  for  determining  energy  demand 
begins  with  final  demand  for  products  by  four  sec- 
tors: private  consumption,  pri\ate  investment,  govern- 
ment expenditures,  and  net  exports.  Given  final  de- 
mand, the  modellers  multiply  by  energy  input  per  unit 
of  final  demand,  which  is  calculated  from  the  input- 
output  coefficients.  Then,  summing  across  all  final  de- 
mand, an  estimate  of  total  energy  demand  is  deter- 
mined. .\s  prices  change,  the  input-output  coefficients 
will  change,  and  thus  energy  use  will  respond  to 
changes  in  price.' 


2  On  the  whole,  the  supply  response  to  price  in  the  $7.00  to 
SHOO  range  seems  roughly  in  line  with  an  elashcity  in  (he 
neighborhood  of  0.4  (that  is.  supply  will  rise  .4  per  cent  (or 
i-acn  one  per  cent  increase  in  price).  Of  course,  this  docs  not 
mean  that  this  approximate  value  of  the  supply  cla-sticity  holds 
outside  the  range. 

3  The  elasticity  of  demand  implied  in  these  estimates  is  ap- 
proximately —  0.15  over  the  range  of  $7.00  to  $11.00  per  barrel. 
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In  Tables  2.1  and  2.2,  we  use  the  forecast  of  total 
energy  consumption  from  the  Hudson-Jorgenson  model. 
The  model  shows  strong  price  sensitivity  to  changes 
1  ■  demand,  having  been  based  on  data  from  a  period  in 
'vhich  reduced  prices  were  accompanied  by  increased 
consumption.   These  data  are   used   for   forecasting   a 

f)eriod  in  which  price  increases  are  expected  to  be  fol- 
owed  by  reduced  demands.  It  is  therefore  assumed  that 
the  demand  processes  observed  in  the  past,  and  formal- 
ized by  Hudson  and  Jorgenson,  are  re\  ersible,  although 
there  mav  be  some  doubt  about  the  completeness  of  the 
reversibility. 

The  Judgmental  Demand  Forecasts 

Many  attempts  at  forecasting  demand  have  been  based 
on  projections  of  recent  trends  in  energy  consumption 
and  on  the  forecasters'  knowledge  of  individual  indus- 
tries. While  such  forecasts  do  not  enable  us  to  estimate 
demand  responses  to  changes  in  prices,  they  may  still 
be  useful  as  "boundar)"  projections  for  the  relatively 
near  future.  Such  a  forecast  is  used  to  predict  total 
energy  demand  in  Tables  2.1  and  2.2 

In  judgmental  estimates,  energy  demand  is  normally 
broken  down  into  three  primary  use  sectors — residen- 
tial and  commercial;  industrial;  transportation — and 
one  energy  "transforniation"  sector — electricit}' — which 
transforms  primary  fuel  into  electrical  energy,  which  is 
then  an  input  into  the  three  primary  sectors.  Demand  in 
each  of  the  orimary  sectors  for  a  particular  energy 
source  {including  electricit)- 1  is  affected  by  fuel  price 
and  other  economic  and  demographic  variables. 

D  Demand  in  the  Residential  and  Commercial  Sector 
includes  the  following  end-uses:  lighting,  air  condition- 
ing, tele\ision  sets,  refrigerators  and  small  household 
appliances  (these  use  electricity  almost  exclusively); 
cooking  and  dryers  (using  electricity  and  gas);  and 
space  and  water  heating  (oil,  gas,  and  electricity  pri- 
marilv).  The  total  use  of  fossil  fuels  by  this  sector  in 
1970  was  14,000  trillion  B.t.u.  With  2,900  trillion  B.t.u. 
of  electricity  (net),  the  total  consumption  was  16,900 
triUion  B.t.u. 

D  The  use  of  energy  by  the  Industrial  Sector  varies 
considerably  among  industries.  Total  energv  consump- 
tion by  this  sector  was  about  23,300  trillion  B.t.u.  in 
1970.  of  which  2,300  trillion  (net)  is  attributable  to 
electricity.  Four  industries  account  for  about  half  of 


„ per  cent  when 

price  chmnges  by  one  per  cent,  rising  when  the  price  falls, 
•nd  Ulhng  when  the  price  nses  )  Naturallv,  this  is  at  best  a 
rough  ipproxinution,  and  it  cannot  be  assumed  that  this  elas- 
bcity  holds  for  prices  ouUide  this  range. 


Table  2.3;  Judgmental  Demand  Forecast! 
for  1980,  in  trillion  B.t  u.  per  year.  The 
economy  has  been  divided  into  the  three 
primary  sectors  shown,  and  a  fourth  that 
produces  electricity  for  the  other  three. 
The  totals  for  nuclear  and  hydroelectric 
sources  represent  the  total  K  w.h.  pro- 
duced, expressed  in  terms  of  the  B.t. us 
required  to  generate  the  same  amounts 
from  fossil  plants.  The  total  of  96,800 
trillion  B.t.u.  per  year,  converted  to  oil- 
equivalent  units,  is  the  judgmental  fore- 
cast of  total  1980  demand  which  appears 
in  Tables  2.1  and  2.2. 


total  industrial  energy  expenditures:  primary  metals  for 
21.5  per  cent;  petroleum  and  coal  products  for  15.4  per 
cent;  food  and  kindred  products  tor  8.5  per  cent;  and 
stone,  clay,  and  glass  for  8.3  per  cent.  Knowledge  of 
substitution  possibilities  among  fuels  for  these  and  other 
industries  is  quite  limited. 

n  The  Transportatiori  Sector  includes  autos,  buses, 
trains,  subways,  and  so  on.  The  primarv  energy  source 
for  this  sector  is  gasoline,  and  there  is  little  prospect 
for  ver\'  much  substitution  among  fuels  in  the  short-run. 
As  a  result,  anticipated  gasoline  supplies,  at  various 
prices,  should  be  assigned  to  this  sector  first  when 
making  estimates  of  the  future  energy  supply-demand 
balance.  The  total  energy  consumption  by  transporta- 
tion was  10,800  trillion  B.t.u.  in  1970,  of  which  only  a 
trivial  amount  was  electricity.  Of  the  total,  about  8,1(X) 
trilhon  B.t.u.  was  provided  by  gasoline. 

D  Electricity  demand  will  be  limited  to  the  capacity 
available — either  by  prices  or  controls.  Thus,  we  look 
first  at  supply.  Electricity  is  produced  from  coal,  oil, 
gas,  uranium,  and  hydroelectric  power.  To  generate 
the  1.56  million  gigawatt-hours  produced  in  1970,  fuels 
were  consumed  in  the  following  proportions:  nuclear, 
1.4  per  cent;  hydroelectric,  16.2  per  cent;  coal,  46.4 
per  cent,  oil,  11.6  per  cent;  gas,  24.3  per  cent.  (Note 
how  little  oil  is  used. )  This  translates  into  322  million 
tons  of  coal,  325  million  barrels  of  oil,  and  3.89  trillion 
cubic  feet  of  gas. 

Projections  of  electricit)'  supply  for  1980  will  prob- 
ably be  the  most  reliable  ot  any  energy  forecasts. 
Given  a  five-  to  eight-year  planning  and  construction 
horizon,  most  of  the  additional  supply  that  will  be 
available  in  1980  is  from  generating  plants  either  under 
construction  or  in  advanced  planning  stages. 

The  projections  in  Table  2.3  are  a  combination  of 
available  predictions  of  demand  in  1980,  as  adjusted 
by  our  own  credibiht)'  weightings.  They  are  based 
largely  on  studies  by  National  Economic  Research  As- 
sociates (N.E.R.A. ),  Morrison  and  Readling,  the  Na- 
tional Petroleum  Council  (N.P.C.),  and  Chase  Man- 
hattan  Bank.*   The  studies   that  we   relied   on   most 


*  The  sources  are  the  following:  Chase  Manhattan  Bank,  "Out- 
look for  Energy  m  the  United  States  to  1983,"  June,  19T2,  War- 
ren E.  Morrison  and  Charles  Readling,  'An  Energy  Model  of 
the  U.S.  Featuring  Energy  Bal?jices  of  the  Years'  1947-1965 
and  Projections  and  Forecasts  to  the  Year  1980  and  2000,"  U.S. 
Bureau  of  Mines,  1968;  Nabonal  Economic  Research  .Associates, 
"Fuels  for  the  Electric  Utility  Industry  1971-1985,"  August, 
1972;  National  Petroleum  Council,  U.S.  Energy  Outlook:  A 
Report  of  the  Committee  on  U.S.  Energy  Outhok,  December, 
1972. 
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heavily  were  those  by  N.E.R.A.  and  N.P.C.,  both  be- 
cause they  made  fairly  detailed  projections  for  1980 
and  because  they  carefully  spelled  out  the  derivations  of 
their  figures. 

We  first  examined  the  total  consumption  forecasts  for 
each  of  the  four  broad  consumption  categories.  The 
variance  for  residential  and  commercial  consumption 
forecasts  was  quite  small  for  all  studies,  with  a  range  of 
about  22,500  to  25,000  trillion  B.t.u.,  we  picked  a  value 
close  to  the  mean.  Industrial  consumption  forecasts 
were  all  fairl\'  close,  except  for  N.E.R..\.'s,  which  was 
far  above  the  others.  We  therefore  omitted  the  N.E.R..\. 
figure  and  chose  a  value  close  to  the  highest  of  the  re- 
maining three  ( the  range  here  was  between  26,400  and 
28,500  trillion  B.t.u.)  in  order  to  give  some  weight  to 
the  N.E.R.A.  projection.  The  forecasts  for  transporta- 
tion ranged  from  21,700  to  25,700  trillion  B.t.u.,  we  took 
the  mean.  For  electricity,  the  N.E.R..\.  forecasts  were 
adopted  because  they  specialize  in  this  area  and  seem 
to  be  most  familiar  with  construction  and  power-gen- 
eration trends  in  the  industry. 

Predicting  the  consumption  of  specific  fuels  by  each 
of  the  four  sectors  was  more  difiBcuIt.  We  used 
N'.E.R..\.'s  estimates  of  electricity  consumption  by  each 
sector.  N.E.R.A.  and  N.P.C.  had  virtually  identical  es- 
timates for  B.t.u.  conversion  requirements  based  on 
fairly  well-established  engineering  conversion  coef- 
ficients, so  the  N.E.R.A.  data  were  used  here  as  well. 
The  N.E.R..\.  data  were  utilized  to  allocate  total  B.t.u. 
requirements  for  electricity  generation  among  fuels, 
because  it  seems  that  they  had  the  best  access  to  avail- 
able data  and  appear  to  have  analyzed  it  carefully. 

Allocating  our  predicted  1980  demand  among  fuels 
in  the  transportation  sector  was  no  problem,  since  this 
sector  consumes  petroleum  almost  exclusively. 

The  residential  and  commercial  sector  uses  only  a 
shght  amount  of  coal,  and  its  proportion  of  total  resi- 
dential consumption  has  been  declining.  We  projected 
a  continuing  Unear  decline  to  1980,  and,  after  subtract- 
ing electricity  consumption,  allocated  the  remaining 
B.t.u.s  between  petroleum  and  natural  gas  on  the  basis 
of  recent  usage  figures. 

For  the  industrial  sector,  there  was  little  to  go  on, 
since  neither  N.P.C.  nor  N.E.R..\.  made  the  relevant 
projections  for  each  fuel.  We  therefore  took  the  1970 
proportions  by  fuel  and  applied  them  to  the  indus- 
trial demand  left  after  subtracting  electricity  demand. 

The  resulting  total  energv  demand  is  96,800  trillion 
B.t.u.  in  1980,  as  shown  in  table  2.3.  Converted  to  oil- 
equivalent  units,  this  is  the  demand  for  45.6  million 
barrels  per  day  that  appears  in  Tables  2.1  and  2.2. 

Demand  Reduction  by  "Conservation" 
The  demand  estimates  in  Tables  2.1  and  2.2,  made  us- 
ing the  Hudson-Jorgenson  model,  showed  a  reduction 
of  1980  demand  from  44.2  million  barrels  per  dav  at 
$7.00  per  barrel  to  40.6  million  barrels  per  day  at  SI  1.00. 
This  change  is  presumably  the  result  of  substitutions 
for  energy,  conservation  of  energy  in  consumption,  and 
increased  energy  productivity  in  production  of  goods 
and  services.  An  alternative  way  to  estimate  the  po- 
tential for  reductions  in  demand  is  to  determine  where 
new  or  existing  technology  can  bring  about  reductions 
in  energy  consumption  without  degradation  in  func- 
tion performed.  When  supplemented  by  appraisals  of 
conservation  efforts  (based  on  experience  in  the  last 


six  months),  these  estimates  can  serve  as  an  indication 
of  the  potential  for  demand  reduction  induced  by  gov- 
ernment policy  .ind  iiigher  prices. 

In  the  industrial  sector,  a  rough  survey  of  the  re- 
sponses to  increasing  fuel  prices  and  fuel  shortages 
shows  that  a  15  to  25  per  cent  reduction  in  energv  con- 
sumption can  be  obtained  b\  eliminating  heat  leaks 
.uid  improving  waste-heat  recovery.  It  is  hard  to  know 
how  many  such  changes,  recently  made,  were  caused 
bv  the  threat  i/f  shortage  and  by  public  nlations  cam- 
paigns, as  compared  to  rising  prices.  Thus  we  cannot 
know  it  further  reductions  might  result  from  high  fuel 
prices  alone,  or  whether  they  would  recjuire  special  in- 
centives (  Mich  ab  fast  tax  write-offs  1  or  various  forms  of 
controls.  V\'ithout  attempting  to  specify  the  relative  in- 
fluences of  price  and  other  incentives,  we  will  take  the 
15  to  25  per  cent  potential  savings  in  the  industrial 
sector  as  a  "once-and-for-all"  demand  reduction  in  in- 
dustrial fuels  between  now  and  1980. 

Transportation  fuel  demand  is  predominantly  deter- 
mined by  consumer  attitudes,  and  therefore  has  a  high 
component  of  uncertainty.  Rather  than  attempting  to 
predict  changes  in  consumer  tastes,  we  have  considered 
a  relativelv  simple  set  of  feasible  technological  adjust- 
ments; they  could  be  accomplished  by  modification  of 
new  cars  and  some  retrofit  ot  old  cars.  Electronic  igni- 
tions on  all  new  cars  and  part  of  the  existing  stock 
could  save  by  1980  an  amount  of  fuel  equal  to  five  to 
ten  jjcr  cent  of  the  consumption  by  all  cars  and  a  large 
proportion  of  trucks.  This  would  come  to  an  estimated 
60  to  120  million  barrels  of  gasoline  in  1980.  Radial 
tires  on  all  new  cars,  plus  replacements  on  old  cars, 
would  result  in  a  five  to  ten  per  cent  savings,  yield- 
ing 45  to  90  million  barrels  of  gasoline  in  1980.  Policies 
to  discourage  automatic  transmissions  and  air  condi- 
tioning, leading  to  a  50  per  cent  reduction  of  these 
items  during  the  next  six  years,  would  yield  a  95  mil- 
lion barrel  savings  of  gasoline.  The  total  savings  in 
gasoline  from  these  changes  would  be  from  200  to  305 
million  barrels  in  1980. 

Potential  reductions  in  consumption  in  the  residen- 
tial-commercial sector  have  been  estimated  on  the  basis 
of  possible  improvements  in  the  existing  stock  of  f)uild- 
ings.  Items  considered  included  storm  windows  and 
doors,  six-inch  ceiling  insulation,  seahng  and  weather 
stripping,  solar  assist  and  energ)-  storage  in  heating, 
heat  pumps,  heat  exchangers,  and  increased  burner  ef- 
ficiencies. These  improvements  were  considered  by  fuel 
and  by  region  of  the  country. 

The  measures  we  have  discussed  do  not  require  a 
change  in  life  style  or  drastic  limitations  on  the  use  of 
energy.  The  experience  nf  the  last  six  months  in  New 
England  indicates  that  a  savings  as  great  as  15  per  cent 
in  heating  oil  is  attainable  by  thermostat  (and  attitude) 
adjustments  which  do  not  change  living  conditions  sig-^ 
nificantly.  A  similar  adjustment  has  occurred  in  the 
consumption  of  electricitv' — in  the  short  run,  at  least. 
The  transportation  sector  was  less  responsive  initially, 
but  a  combination  of  price  increases  and  shortages 
has  produced  ten  to  15  per  cent  short-term  reductions. 

These  results  make  it  reasonable  to  expect  that  a  con- 
tinuing and  forceful  campaign  of  public  information 
could  significantly  influence  energ)-use  patterns  in  the 
transportation,  residential,  and  commercial  sectors. 
Without  direct  controls,  consumption  could  probably 
be  reduced  by  ten  per  cent  of  1971  consumption.  Sum- 
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mine  over  all  the  estimates  we  have  made,  it  is  possible 
to  show  savings  in  a  range  from  4  to  8  million  barrels 
per  day  by  1980. 

This  gross  estimate  may  be  compared  with  the  de- 
mand estimate  of  51.1  million  barrels  per  day  prepared 
bv  the  Chase  Manhattan  Bank.  The  Chase  forecast  was 
made  before  problems  of  insecurity  of  supplies  and  ris- 
ing price  were  evident,  so  notions  of  energy  conserva- 
tion were  not  considered.  Correcting  the  Chase  fore- 
cast by  our  estimate  of  savings  yields  a  demand  of 
about  43  to  47  million  barrels  per  day,  which  brackets 
the  judgmental  forecast  reported  earlier  in  this  section. 

1980  and  Beyond 

The  rough  dimensions  of  energy  supplies  and  demands 
in  1980  show  that  complete  indeptiidence  from  imports 
of  energy  will  probably  caitse  prices  of  .$10.00  to  $12.00 
per  barrel,  or  more.  Beyond  1980,  however,  the  pic- 
ture could  change.  We  have  not  examined  conditions 
in  later  years  in  sufiBcient  detail  to  determine  how  sup- 
plies and  demands  might  balance,  for  our  purpose  here 
is  to  evaluate  the  goal  of  self-suflSciency  by  1980.  It  may 
be  interesting,  nonetheless,  to  briefly  speculate  about 
the  possibihties  for  independence  in  1985. 

Our  speculation  is  that  in  1985  self-sufficiency  can  be 
achieved  only  at  price  levels  (in  1973  prices)  \ery  simi- 
lar to  those  shown  in  Tables  2.1  and  2.2  for  1980.  For 


market-clearing  prices  to  be  lower  than  $10.00  to  $12.00 
per  barrel,  additions  to  domestic  production  would 
have  to  exceed  additions  to  demands  from  population 
increase,  economy-wide  income  increases,  and  other 
factors.  According  to  the  Hudson-Jorgenson  model 
simulations,  demand  growth  will  be  approximately  2.8 
per  cent  per  year  at  prices  in  the  range  of  $9.00  to 
$10.50  per  barrel.  At  this  growth  rate,  about  1.2  mil- 
lion barrels  per  day  are  added  to  demand  each  year — 
a  total  of  6  million  barrels  per  day  over  the  period 
1980  to  1985. 

Thus  new  supplies  from  new  sources  over  this  five- 
year  period  would  have  to  exceed  6  million  barrels  per 
day — and  exceed  this  figure  by  enough  to  compensate 
for  depletion  of  domestic  oil  and  gas,  and  bring  prices 
down.  Given  the  magnitude  of  the  construction  re- 
quired to  bring  on  new  technologies  at  that  supply 
level,  and  the  consequent  effects  on  costs  of  fuel  pro- 
duction from  these  new  technologies,  such  huge  addi- 
tions to  supply  are  not  likely  to  be  forthcoming.  A 
hopeful — if  not  over-optimistic — forecast  is  that  addi- 
tions to  supply,  working  against  inexorable  demand  in- 
creases, would  be  sufficient  to  maintain  prices  in  the 
neighborhood  of  $9.00  to  $10.00  per  barrel  under  a  pro- 
gram to  achieve  autarchy  in  1985.  Once  again,  though, 
there  is  great  uncertainty  inherent  in  such  a  predic- 
tion. 


Three:  The  Supply  of 
Domestic  Petroleum 


The  production  of  crude  oil  in  1973  was  9.2  million 
barrels  per  day.  The  total  consumption  was  about  17.0 
million  barrels  per  day,  which  included  about  6.1  mil- 
lion barrels  per  day  of  imports,  and  1.7  million  barrels 
per  day  of  natural  gas  liquids.  To  raise  production  to 
higher  levels  by  1980  would  require  prodigious  explora- 
tion and  development,  as  an  appraisal  of  present  con- 
ditions and  forecasts  shows. 

The  National  Petroleum  Council's  projection  for  1980 
expects  Al.askan  .North  Slope  production  to  be  from  2.0 
to  2.8  million  barrels  per  day,  although  2.0  million 
barrels  is  likely  to  be  closer  to  the  truth  due  to  delays 
in  pipeline  construction.  Continental  U.S.  offshore  pro- 
duction is  expected  to  range  between  1.6  and  2.7  mil- 
lion barrels  per  day.  Total  production  of  petroleum 
liquids  IS  projected  to  be  from  8.9  to  13.6  million  barrels 
per  day,  depending  on  a  number  of  political  and  eco- 
nomic factors.  Thus  the  most  hopeful  N.P.C.  projec- 
tion—13.6  million  barrels  per  day  in  1980— could  re- 
quire up  to  8.9  million  barrels  produced  onshore  (in 
the  lower  48  states)  as  compared  to  7.8  million  in  1972 
and  7.6  million  in  1973.' 


In  1973,  onshore  production  was  12.0  per  cent  of  on- 
shore reserves.  Assuming  that  this  ratio  can  be  main- 
tained, and  that  there  will  be  a  smooth  buildup  to  a 
1980  production  of  8.9  million  barrels  daily,  21.1  billion 
barrels  will  be  consumed  in  seven  years,  and  27.1  bil- 
lion barrels  of  reserves  will  be  needed  to  support  pro- 
duction in  1980.  The  total  is  48.2  billion  barrels;  sub- 
tracting the  current  reserves  of  22.8  billion  barrels 
leaves  25.4  billion  to  be  added  in  seven  years,  or  3.6 
billion  per  year.  This  total  has  been  equalled  or  sur- 
passed three  times  since  World  War  II,  and  is  tech- 
nically feasible,  but  it  must  now  be  done  under  much 
less  favorable  conditions  than  before. 

It  is  generally  agreed  that  discovery  of  new  fields 
has  been  dwindling  for  a  long  time.  In  1946-1949,  gross 
new  reserves  developed  were  11.9  billion  barrels.  But 


'  In  preparing  these  estimates,  and  others  below,  we  have 
attempted  to  reconcile  differences  between  detailed  figures  pro- 
vided in  the  initial  task  group  report  of  the  Oil  Subcommittee 
of  the  N.P.C.  study,  and  the  ulbmate  summary  report,  U.S. 
Energy  Outlook,  December,  1972. 


115 


201 


9.1  billion  was  provided  from  fields  newly  discovered 
during  those  years;  hence  discoveries  made  up  for 
three-tourths  of  new  reserves  developed.  This  fraction 
dwindled  steadily,  and  in  1965-1967,  while  7.6  billion 
barrels  of  new  reserves  were  developed,  only  2.0  bilhon 
were  added  from  newly-discovered  fields.  (The  per- 
centage was  even  lower  in  later  years,  but  data  on  re- 
cent-year discoveries  are  inherently  incomplete,  and 
should  not  be  used.)  In  other  words,  the  industry  has 
to  an  increasing  extent  created  new  reserves  in  old 
fields,  both  by  finding  new  oil  in  extensions  and  new 
pook,  and  by  improving  recovery.  This  process  should 
continue,  but  it  is  unreasonable  to  expect  it  to  continue 
at  the  average  of  past  costs.  That  is,  the  less  our  under- 
ground stock  is  replenished  by  new  fields,  the  harder 
we  must  work  the  old  fields.  Thus  the  costs  of  de- 
veloping new  reserves  and  productive  capacity  will 
rise. 

An  indication  of  considerably  increasing  costs  is  pro- 
vided by  reserves  added  by  the  completion  of  an  oil 
well.  The  average  increased  from  a  low  of  80,000  bar- 
rels in  1957  to  a  peak  of  218,000  in  1970,  then  fluctuated 
between  142,000  and  212,000.  This  development  is 
ominous  because  of  the  dechne  in  drilling  and  in  new 
reserves.  During  1955-1970,  the  number  of  wells  drilled 
fell  from  34,000  to  14,000  per  year,  but  the  amount  of 
new  reserves  established  declined  only  mildly.  Because 
of  better  regulation,  fewer  useless  wells  were  drilled, 
and  higher  capacity,  lower-cost  wells  took  a  dispropor- 
tionate share  of  the  increase  in  demand  in  the  late 
nineteen-sixties.  Thus  the  rise  in  development  costs  due 
to  a  constantly  less  favorable  resource  base  was  offset 
by  a  once-for-all  regulatory  improvement  and  the  re- 
sulting concentration  on  better  prospects.  Since  the 
number  of  new  oil  wells  decreased  from  12,800  per  year 
in  1970-1971  to  10,600  in  1972-1973,  oil  operators  must 
have  continued  to  drill  even  more  selectively.  For  re- 
serves added  per  well  to  shrink  during  such  a  time 
shows  a  rapid  rise  in  the  real  cost  of  developing  new 
reserves  from  old  fields.  If  so,  the  past  average  of  the 
cost  required  to  develop  reserves  must  be  a  serious 
under-estimate  of  future  costs  needed  to  develop  new 
reserves.  As  drilling  again  expands,  the  reserves  added 
per  unit  of  drilling  must  be  expected  to  fall  again.' 

The  Judgmental  Forecast 

Against  this  background,  we  consider  the  National  Pe- 


2  With  depletion  rates  around  12  per  cent  or  more,  costs  would 
rise  ver)'  rapidly  if  operators  attempted  to  drain  pools  more 
rapidly.  It  can  oe  shown  that  the  average  capital  cost  of  any 
project  is  approximately  equal  to  (I/Q)  (a  -|-  r)/365,  where  1/Q 
is  the  investment  needed  per  additional  daily  barrel,  a  is  the 
dechne  rate,  and  r  is  the  discount  rate  or  cost  of  capital.  That 
is,  a  price  just  equal  to  this  amount  would  barely  compensate 
for  the  investment.  Increasing  the  rate  of  depletion  would,  of 
course,  be  less  attractive  the  greater  the  rate  of  depletion  already 
is,  since  it  would  require  larger  investment.  It  also  can  be  shown 
that  the  speed-up  cost  is  equal  to  the  development  cost  multi- 
plied by  a  factor  (a  +  r)/r.  Where  a  and  r  are  approximately 
equal,  as  they  are  today,  with  both  the  rate  of  decline  and  rate 
of  discount  near  or  above  12  per  cent,  the  marginal  speed-up 
cost  is  twice  the  incremental  capital  cost.  For  example,  if  it 
cost  $5,000  to  develop  an  additional  daily  barrel,  and  a  and  r 
both  equalled  12  per  cent,  the  annual  capital  cost  would  be 
about  $3.44  per  barrel.  But  to  speed  up  depletion  of  a  given 
reserve  would  cost  about  $6.88  because,  in  effect,  of  the  feed- 
back on  the  existing  operation.  Hence  the  price  would  have 
to  double  before  the  previously  break-even  operation  was  worth 
expanding. 


troleum  Council  estimates  for  1980.  These  are  based  on 
historical  experience;  they  assume  that  what  has  been 
found  and  developed  is  a  reasonably  good  sample  of 
what  will  be  found  and  developed.  The  N.P.C.  esti- 
mates embody  the  judgments  of  the  best  informed 
people  in  the  industry,  and  at  a  disaggregated  level,  so 
that  the  judgments  are  relatively  independent  of  each 
other.  Also  tending  to  make  them  plausible  is  the  fact 
that  unrecovered  oil-in-place  in  the  lower  48  states  is 
about  ten  times  proved  reserves,  which  indicates  that 
there  is  a  big  stock  of  oil  which  was  uneconomical  to 
recover  at  previous  prices.^ 

The  problem  is  that  the  N.P.C.  projections  do  not  fol- 
low from  a  model,  but  are  based  almost  entirely  on 
perceived  trends.  The  four  principal  supply  cases  that 
the  N.P.C.  investigated  were; 

D  Case  I.  Expansive  supply,  requiring  a  vigorous  effort 
fostered  by  early  resolution  of  environmental  con- 
troversies, ready  availability  of  government  land  for 
energy  resource  development,  adequate  economic  in- 
centives, and  a  higher  degree  of  success  in  locating  cur- 
rently undiscovered  resources  than  in  the  recent  past. 

D  Case  II.  Less  expansive  supply,  assuming  improve- 
ment in  finding  rates  for  oil  and  gas,  and  a  quicker 
solution  to  problems  in  fabricating  and  installing  nu- 
clear power  plants  than  in  the  recent  past. 

D  Case  III.  Less  expansive  supply,  assuming  a  slightly 
different  but  equally  cautious  mix  of  policy  changes. 
The  forecasts  are  much  the  same  as  those  of  Case  II. 

□  Case  IV.  Low  supply,  representing  the  likely  out- 
come if  environmental  disputes  continue  to  constrain 
the  growth  in  output  of  all  fuels,  if  government  policies 
prove  to  be  inhibiting,  and  if  oil  and  gas  exploratory 
success  does  not  improve  over  recent  results. 

None  of  these  cases  incorporates  price  as  a  de- 
terminant of  exploration  or  development.  In  the  N.P.C. 
analysis,  "price"  is  the  result  of  a  given  rate  of  drilling 
and  finding.  The  N.P.C.  procedure  is  to  assume  al- 
ternatively a  high,  medium,  or  low  drilling  rate  and  a 
high  or  low  "finding"  or  reserve-addition  rate.  From 
these  are  created  the  four  cases:  high  drilhng  and  find- 
ing rates  in  Case  I;  a  medium  drilling  rate  but  a  high 
finding  rate  in  Case  II;  a  medium  drilling  rate  but  a  low 
finding  rate  in  Case  III;  and  low  drilling  and  finding 
rates  in  Case  IV.  The  apparent  anomaly  that  Case  II 
shows  less  produced  at  a  lower  price,  while  Case  III 
shows  less  at  a  higher  price,  is  thus  not  a  mistake  but 
follows  from  the  assumptions.  In  each  case,  the  N.P.C. 
has  used  averages  of  drilling  and  finding,  but  without 
trying  to  relate  the  two.  Estimating  the  amount  of 
capital  spending  needed  to  maintain  a  high  drilling 
rate,  for  example,  they  take  a  15  per  cent  rate  of  return, 
and  divide  the  required  return  in  dollars  by  estimated 
production  under  a  high  finding  rate,  deriving  a  "price" 
of  S5.64  per  barrel  (adjusted  to  the  1973  price  level). 

There  are  two  reasons  why  this  "price"  which  results 


3  .Maska  deserves  special  mention.  .\  very  small  amount  of 
exploratory  effort  at  the  .North  Slope  has  yielded  one  gigantic 
find  Costs  are  ver\  low  by  companson  with  current  world 
prices,  and  the  discovery  of  a  few  more  Prudhoe-Bay-tvpe 
1  would  cfiange  the  national  picture  drastically. 
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from  drilling  and  finding  may  seriously  underestimate 
the  price  needed  to  create  incentives  for  Case  I  supply. 
First,  the  N.P.C.  does  not  discuss  the  likely  rate  ot  ex- 
penditure for  finding.  The  most  likely  combination  is 
of  a  very  low  findmg  (reserve  addition)  rate  with  a 
verv  high  drilling  rate.  Onshore  reserves  added  in  1971- 
1973  averaged  less  than  1.8  billion  barrels  per  year, 
while  drilling  and  real  development  expenditures  did 
not  decline  correspondingly.  It  we  are  to  double  this 
performance,  up  to  about  3.6  billion  barrels  per  year,  we 
can  hardly  expect  to  escape  with  less  than  three  times 
recent  outlays.  Hence  the  N.P.C.  1980  "price,"  which  is 
only  54  per  cent  higher  in  constant  dollars  than  the  1970 
price,  cannot  possibly  be  an  accurate  assessment  ol  the 
necessary  1980  expenditures  per  unit  of  new  reserves 
and  capacity  installed. 

Furthermore,  the  N.P.C.  does  not  touch  on  the  wide 
dispersion  of  onshore  cost.  If  a  given  "price"  is  just 
enough  to  cover  capital  and  operating  cost  of  all  new 
oil  developments,  this  average  will  be  greater  than  the 
costs  of  the  lowest-cost  capacity,  but  less  than  the 
highest.  Only  if  the  industrj-  were  to  subsidize  the 
production  of  high-cost  oil  out  of  the  profits  ol  low-cost 
oil  could  this  "price"  be  treated  as  the  price  needed  to 
bring  in  the  high-cost  oil.  The  range  of  cost  is  unknown, 
but  must  be  very  large. 

Given  these  t\vo  problems  with  the  N.P.C.  estimates — 
the  most  recent  costs  per  barrel  of  new  reserves  added, 
and  the  need  to  cover  high-cost  sources — we  can  at 
least  be  certain  that  the  price  needed  to  bring  in  13  mil- 
hon  barrels  per  day  in  1980,  or  possibly  much  more, 
must  be  far  higher  than  the  S5.64  estimated  by  the 
N.P.C.  We  might  suppose  that  to  double  the  1972-73 
performance  would  require  tripUng  the  price,  hence  the 
S4.30  for  old  oil  would  increase  three-fold  to  S12.90  in 
1973  dollars.  It  seems  unreasonable  to  assume  a  price 
below  $9  if,  with  no  imports,  higher  coal  and  gas  pro- 
duction keep  oil  production  to  no  more  than  13  million 
barrels  per  day. 

The  forecasts  shown  for  the  N.P.C.  in  Table  2.2  are  a 
combination  of  Case  I  estimates  and  our  judgment  of 
the  appropriate  price  for  Case  I.  Under  almost  ideal 
conditions,  the  Case  I  production  for  the  lower  48 
states  would  be  forthcoming  at  S7.00  per  barrel  (which 
is  above  the  N.P.C. 's  S5.64  but  is  not  inconsistent  with 
their  report,  since  $5.64  is  not  the  "supply  price"  equal 
to  marginal  costs).  The  Case  I  production  is  certainly 
consistent  with  S9  and  SU  prices;  since  no  additional 
supply  is  shown  in  the  N.P.C.  study  to  be  forthcoming 
at  these  high  prices,  we  do  not  assume  any  more  sup- 
plies than  at  the  lower  price.* 

The  Econometric  Forecast 

The  economic  model  forecasts  of  supply  are  derived 
from  the  Erickson-Spann  econometric  model  (as  de- 
scribed in  M.  F.  Searl.  Energy  Modeling.  Resources  for 
the  Future,  March  1973).  This  has  much  to  commend 


••  The  exception  is  Alaskan  oil,  which  is  shown  on  a  separate 
line  in  Table  22  While  the  table  shows  2  million  barreU  per 
day  from  .'Vla.ska  at  all  prices,  this  amount  must  be  more  secure 
at  $11  00  per  barrel  than  at  S7.00. 


it,  since  it  models  a  company's  search  for  profits  as 
a  problem  of  decision-making  under  uncertainty,  with 
oil  and  gas  as  joint  products  ( they  are  otten  discovered 
together).  In  the  model,  oil  and  gas  discoveries  are 
functions  of  the  prices  of  oil  and  gas,  interest  rates, 
Texas  shutdown  days,  and  a  time  trend.  The  equa- 
tions imply  little  cross-effect  on  the  discoveries  of  oil 
from  the  price  of  gas,  but  substantial  effects  on  produc- 
tion of  oil  from  the  price  of  oil — an  8.7  per  cent  produc- 
tion increase  results  from  a  10  per  cent  price  increase — 
and  negative  effects  from  depletion,  which  the  model 
places  at  4.33  per  cent  per  year. 

The  Erickson-Spann  oil  supply  model  makes  no  ex- 
plicit distinction  between  onshore  and  offshore  drilling 
activity  in  the  lower  4S  states.  This  is  a  defect  for  the 
purposes  at  hand.  Because  expanded  domestic  oil  sup- 
ply will  depend  critically  upon  substantially  increased 
offshore  activity,  and  because  offshore  activity  in  turn 
depends  upon  government  policy  on  the  rate  of  leasing, 
the  areas  leased,  and  environmental  protection  policies, 
it  would  be  convenient  if  the  Erickson-Spann  model 
were  disaggregated  into  onshore  and  offshore  sectors. 

.\nother  difficulty  is  that  over  the  post-World  War  II 
period  the  real  price  of  oil  did  not  change  drastically. 
This  creates  two  problems.  One  is  that  of  using  the 
model's  "supply  elasticity  coefficient"  of  .87  ( the  per- 
centage that  supply  changes  for  each  one  per  cent 
change  in  price )  to  forecast  a  supply  response  that  is 
outside  the  range  of  the  price  data  from  which  it  was 
estimated  ( the  prospective  level  of  real  crude  oil  prices 
implicit  in  Project  Independence  are  about  double  to 
triple  those  which  prevailed  in  recent  years).  The 
other  problem  is  whether  the  function  is  reversible. 
In  the  past,  prices  declined  and  supply  declined  so  that 
equations  fitted  to  the  data  showed  a  positive  supply 
relationship.  In  the  future,  prices  are  expected  to  in- 
crease so  that — if  the  equations  can  be  used  to  infer 
movement  in  both  directions — supply  should  increase. 
This  is  problematical. 

Still,  all  these  problems  considered,  the  Erickson- 
Spann  estimates  of  oil  supply  response  are  the  only  sys- 
tematic estimates  which  explicitly  model  the  long-run 
response  of  oil  production  to  economic  incentives  in  an 
anal)  tically  tractable  way. 

The  forecasts  from  the  Erickson-Spann  equations  are 
heavily  dependent  on  the  supply  elasticity  and  deple- 
tion coefficients.  Of  the  two,  there  is  greater  justifi- 
cation for  using  the  fitted  price  elasticit\  of  .87,  though 
the  results  should  be  viewed  with  caution  when  prices 
increase  beyond  the  range  of  previous  observations. 
But  use  of  the  4.33  per  cent  depletion  trend  is  suspect; 
this  is  a  very  low  estimate  of  the  yearly  rate  of  deple- 
tion, so  low  as  to  be  out  of  the  range  of  recent  figures, 
which  run  close  to  13  per  cent,  but  are  counteracted  by 
roughly  a  five  per  cent  annual  productivity  increase. 
Rather  than  assuming  4.33  per  cent,  therefore,  we  as- 
sume a  low  but  still  technically  feasable  rate,  8.33  per 
cent,  in  keeping  with  new  production  of  2  million  bar- 
rels per  dav  from  .Alaska  and  additional  production 
from  offshore  continental  U.S.  The  supply  forecasts  that 
result  are  shown  in  Table  2.1. 
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Four:  The  Supply  of  Natural  Gas 


The  shortaee  of  natural  gas  in  the  United  States  has 
grown  rapidly  in  the  last  two  or  three  years.  By  now,  it 
probably  exceeds  ten  per  cent  of  total  demands.  This  is 
not  a  result  of  a  shifting  of  demands  to  natural  gas  due 
to  the  Arab  oil  embargo.  Rather,  it  is  a  continuous  and 
systematic  long-term  shortage,  and  there  is  every  rea- 
son to  believe  that  it  will  not  be  eased  appreciably  in 
the  remaining  years  of  this  decade  under  tne  prevailing 
Federal  Power  Commission  price  controls — even  if  the 
F.P.C.  were  to  continue  its  recent  policies  of  raising 
the  price  an  average  of  three  or  four  cents  per  thousand 
cubic  feet  on  neiv  contracts  each  year.  If  great  pressure 
is  put  upon  gas  demands  as  a  result  of  oil  price  increases 
beyond  $6.00  per  barrel,  excess  demand  is  likely  to  ex- 

f)and  to  more  than  a  quarter  of  total  demand  in  the  next 
ew  yean. 

Because  of  the  control  mechanism  operated  by  the 
F.P.C,  production  of  gas  could  either  increase  or  de- 
crease greatly  in  the  next  few  years.  In  order  to  provide 
a  basis  for  analssis  of  public  policies  in  gas,  we  will 
attempt  to  forecast  supply  with  the  .M.I.T.  econometric 
gas  model,'  assuming  two  quite  different  policies  re- 
garding gas  prices.  Both  are  alternatives  to  the  status 
quo. 

Supply  Under  Price  Controls 

The  first  alternative  is  to  direct  policies  toward  a  price 
freeze.  This  is  likely  to  occur  under  restrictive  regula- 
tion such  as  that  implied  by  Senate  Commerce  Com- 
mittee Bill  S-2506  (the  "Stevenson  Bill"),  which  calls 
for  an  expansion  of  regulatory  jurisdiction  for  the 
Federal  Power  Commission  to  co\er  all  sales  at  the 
wellhead  (including  intra-state  sales).  The  bill  requires 
that  price  ceilings  be  based  upon  historical  average 
costs,  so  that  this  legislation  seetcs  to  stop  the  price  in- 
creases now  occurring  under  more  "relaxed"  F.P.C. 
regulation.  The  price  impHcation  might  well  be  to  limit 
increases  to  approximatelv  one  cent  per  year  when 
these  increases  are  justified  by  changes  in  average  costs 
of  drilling  and  production.  There  are  many  possible 
variations  on  this  interpretation,  but  it  is  unlikely  that 
price  increases  much  greater  than  one  cent  per  year 
are  implied  by  the  bill,  since  price  increases  of  three 
cents  a  year  are  now  being  put  into  effect  by  the  F.P.C, 


'This  model  and  its  application  to  policy  analvsis  is  described 
in  P.  W.  Mac.\voy  and  R.  S  Pindyck,  'Alteniabve  Regulatory 
Policies  for  Dealing  with  the  Natural  Gas  Shortage,"  Bell  Journal 
of  Economics  and  Management  Science,  \'ol.  4,  No.  2,  Autumn 
1973. 


and  the  bill  specifically  delineates  standards  which 
would  not  allow  such  increases.  The  general  thrust  of 
this  and  similar  legislation  is  to  hold  the  line  on  pr<'sent 
prices,  so  as  to  prevent  gas  sales  from  following  the 
pricing  spiral"  now  seen  in  petroleum  sales. 

Holding  the  price  line  implies  that  there  will  be  little 
additional  incentive  to  explore  and  develop  new  re- 
serves, or  to  restrict  demands  for  natural  gas  as  the 
price  of  fuel  oil  increases.  Under  this  policy,  new- 
contract  field  prices  are  assmned  to  rise,  on  average,  at 
a  rate  of  one  cent  per  year,  from  roughly  34  cents  in 
1973  to  41.5  cents  in  1980.  .^s  a  result,  wholesale  prices 
throughout  the  United  States  are  expected  to  rise  on 
average  to  49.6  cents  by  1980.  Assuming  that  whole- 
sale prices  rise  3.5  per  cent  per  year,  and  population  in- 
creases at  one  per  cent  per  year,  the  market  for  natural 
gas  is  expected  to  grow.  .Moreover,  conditions  in  oil 
markets  have  strong  implications  for  excess  demand  in 
natural  gas  markets.  Rising  oil  prices  lead  to  substantial 
increases  in  deinands  for  natural  g.is  which  cannot  be 
satisfied  at  the  regulated  or  frozen  level  of  prices. 

The  effects  of  strong  price  controls  are  shown  in 
Table  4.1.  The  low  levels  of  annual  production  and 
high  levels  of  demands  result  in  significant  excess  de- 
mands— 2  trillion  cubic  feet  at  the  present  time,  in- 
creasing to  10  trillion  cubic  feet  in  1980,  or  appro.xi- 
mately  25  per  cent  of  total  19S0  demands.  This  short- 
age would  be  so  great  as  to  make  it  impossible  for  the 
pipelines  to  supply  all  the  needs  of  established  con- 
sumers. Permanent  rationing  would  undoubtedly  be  put 
into  effect.  .Most  of  its  impact  would  be  felt  in  the  upper 
Midwest,  where  population  and  industrial  growth  are 
large  and  where  the  pipelines  serving  the  region  come 
from  producing  areas  that  are  most  depleted. 

Supply  Under  Price  Decontrol 

The  second  alternative  to  present  policy  is  the  eUmina- 
tion  of  current  restrictions  on  field  pricis.  The  purpose 
would  be  to  provide  incentives  for  increasing  reserves 
and  production  (by  higher  prices)  and  for  eliminating 
low-value  uses  of  natural  gas  (by  reducing  demands 
through  price  increases).  The  use  of  market  forces  to 
add  to  supplies  and  reduce  demands  would  have  dif- 
ferent effects,  depending  on  how  rapidly  and  exten- 
sively prices  increased.  Immediate  and  complete  elimi- 
nation of  price  controls  would  establish  short-term 
equilibrium  prices  much  greater  than  those  that  would 
persist  over  the  long-run— particularly  if  there  are 
short-'erm  shortages  in  alternative  fuels  such  as  fuel  oil. 
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Phased  decontrol,  however,  could  be  put  into  effect  in 
a  way  that  would  gradually  ease  restrictions  on  prices, 
so  as  to  move  them  over  a  five-year  period  into  long- 
run  equihbrium. 

Thus  this  policy  does  not  require  immediate  deregu- 
lation— new-contract  price  increases  could  be  limited  by 
the  Federal  Energy  Agency  for  some  years,  presumably 
to  keep  the  increases  in  line  with  general  cost-of-living 
increases.  This  implies  a  ceiling  on  new  contract  prices 
of  approximately  50  cents  in  1974  (the  average  price 
was  35c  in  1973).  There  would  be  a  three-cent  price 
increase  each  year  thereafter.  Field  price  increases 
would  feed  through  as  price  increases  charged  by  pipe- 
hnes  to  wholesale  buyers,  so  that  the  immediate  impact 
would  be  a  two  cent  increase  in  wholesale  gas  prices 
across  the  country.  By  1980,  field  prices  on  new  con- 
tracts would  rise  to  more  than  73c,  while  wholesale 
prices  on  all  contracts  would  average  64C.^ 

The  price  increases  would  substantially  increase  ad- 
ditions to  reserves  over  a  five-year  period,  and  they 
would  increase  production,  both  because  of  the  reserve 
additions  and  because  of  more  intensive  depletion  of 
existing  reserves.  As  shown  in  Table  4.2,  production  is 
expected  to  rise  from  26  trillion  to  33  trillion  cubic  fe?t 
over  the  period  1974-1980.  .\t  the  same  time,  demands 
would  diminish  as  consumers  attempt  to  avoid  the  price 
increases.  Excess  demand  is  1.7  trillion  cubic  feet  per 
year  in  1974,  remains  at  1.7  trillion  cubic  feet  in  1975, 
but  then  declines  to  zero  by  1980.  In  ef?ect,  the  use  of 
market  forces  should  eliminate  excess  demand  through 
a  combination  of  additional  supplies,  reductions  in  use 
by  buyers  faced  with  higher  fuel  costs,  and  substitu- 
tions for  this  higher  priced  fuel. 

The  M.I.T.  model  simulations  therefore  support  the 
position  that  phased  price  increases  ( leading  to  a  re- 
liance on  market  forces  over  the  long-run )  can  be  used 
to  ameliorate  the  present  and  growing  shortage  of  na- 
tural gas.  As  price  incentives  improve  the  profitability  of 
additional  drilling  in  the  United  States,  more  reserves 
are  likely  to  be  accumulated,  and  more  production 
can  then  take  place.  Most  geological  estimates  indi- 
cate that  these  reserves  are  available,  albeit  at  higher 
costs  of  discovery  and  extraction.  Higher  prices  to  con- 
sumers will  be  more  representative  of  the  true  value  of 
this  scarce  resource,  and  consumer  demand  should  re- 
spond accordingly. 

Supply  Forecasts  in  Tables  2.1  and  2.2 

The  supplies  of  gas  likely  to  be  forthcoming  at  different 
levels  of  oil  prices  can  be  estimated  as  follows:  First,  it 
is  assumed  that  gas  prices  will  be  regulated  for  the  rest 
of  the  decade,  either  according  to  "strong  price  con- 
trols" as  in  Table  4.1,  or  in  the  process  of  "phased  de- 
regulation" of  prices,  as  in  Table  4.2,  Either  way,  mar- 
kets will  not  be  allowed  to  operate  so  as  to  eliminate 
differences  between  gas  and  crude  oil  prices.  Second, 
it  is  assumed  that  crude  oil  prices  of  $7.00,  $9.00,  and 
$11.00  per   barrel   enter  gas   markets   as   an   "outside" 
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'^Currently,  contracts  for  infra-state  gas  arc  re 
for  as  much  as  7Sc  to  SI. 00  per  thousand  culm 
pears  to  imply  a  free-majket  price  higher  than  we  forecast. 
Actually,  there  need  be  no  conflict  heie,  for  there  is  great  ex- 
cess deman<l  in  inlra-state  markets  (some  is  demand  diverted 
from  other  states)  which  is  impuiging  on  a  narrow  market 
for  new  gas  With  phased  deregulation  of  prices,  this  pressure 
would  be  relieved. 
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1972 

30.1 
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1973 

33.9 
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23.1 

24.8 

1974 

35.0 

14.4 

23.7 

26.6 

1975 

36.1 

17.7       • 

24.6 

28.6 

1976 

37.2 

20.8 

25.6 

30.7 

1977 

38.3 

22.9 

26.7 

32.9 

1978 

39.4 

24.7 

27.8 

35.1 

1979 

40.5 

26.7 

29.0 

37.4 

1980 

41.6 

28.9 

30.3 

40.0 

Table  4.1:  Natural  Gas  Supply  Under  a  Regime  of  Strict  Price 
Controls.  Demands  for  gas  increase,  but  there  is  little  incentive 
for  suppliers  to  meet  them  when  the  price  is  constrained.  The 
result,  in  this  forecast  of  the  .M.I.T.  Econometric  Gas  Model,  is 
a  masMve  shortage — by  1980,  one  quarter  of  total  demands 
cannot  be  supplieo. 
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1972 

30.1 

8.3 

19.4 

24.4 

1973 

33.9 

12.0 

23.1 

26.0 

1974 

49.1 

14.8 

25.7 

27.4 

1975 

53.2 

18.2 

27.1 

28.8 

1976 

57.3 

22.9 

28.5 

29.9 

1977 

61.4 

27.4 

30.1 

30.9 

1978 

65.4 

31.0 

31.6 

31.6 

1979 

69.5 

39.6 

33.2 

32.3 

1980 

73.6 

38.4 

33.0 

33.0 

Table  4.2;  Natural  Gas  Supply  Under  Phased  Price  Decontrol. 

This  forecast  of  the  M.I.T.  Econometric  Gas  Model  assumes  that 
prices  are  gradiiallv  decontrolled  so  that  they  double  at  the 
wholesale  level  by  '980.  The  higher  prices  curtail  demand  and 
provide  mcentives  for  producers  to  increase  supply,  and  natural 
gas  markets  clear  by  1978. 

variable  on  the  demand  side— that  is,  higher  oil  prices 
add  to  gas  demand— and  on  the  supply  side— higher 
oil  prices  add  to  discovery  and  production  of  gas,  which 
is  often  found  with  oil.  Inserting  into  the  M.I.T.  model 
the  gas  prices  in  Tables  4.1  and  4.2,  oil  prices  of  $7.00, 
$9.00,  and  $11.00  result  in  the  supply  forecasts  shown  in 
Table  4.3. 

The  table  shows  that  gas  markets  clear  by  1980  un- 
der phased  decontrol  over  the  entire  range  of  oil  prices, 
since  higher  oil  prices  add  only  slightly  more  to  gas 
demand  than  they  do  to  gas  supply.  For  the  same  rea- 
son, gas  price  controls  similar  to  "strict  regulation" 
are  not  much  worse  under  high  oil  prices  than  under 
low  oil  prices,  although  the  size  of  the  shortage  ex- 
ceeds 10  trillion  cubic  feet  as  early  as  1978  if  oil  prices 
are  pushed  to  $11.00  per  barrel  in  1975. 

The  estimates  for  1980  given  in  Table  4.3  have  been 
inserted  in  Table  2.1  (in  millions  of  barrels  per  day). 
The  imposition  of  some  form  of  strict  regulation  is  taken 
to  be  the  most  likely  continuation  of  policy  over  the 
decade,  even  if  Congress  does  not  pass  the  Stevenson 
Bill.  After  all,  this  has  been  the  most  systematic  long- 
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Tiblc  4.3:  The  Supply  ( in  trillion  cubic  feet )  of  Nalursl  Cas  at 
Various  Prices  per  Barrel  of  Oil.  On  the  left,  strict  price  controls 
are  assumed,  and  numbers  in  boldface  type  indicate  excess  de- 
mand greater  than  10  trillion  cubic  feet.  A  shortage  of  that  mag- 
nitude occurs  by  1978  if  the  price  of  oil  is  $11.00,  and  by  1980 


for  all  three  prices  of  oil.  On  the  right,  phased  price  decontrol  is 
assumed.  Here,  numbers  in  boldta(.'e  type  indicate  excess  de- 
mand less  than  1  trillion  cubic  feet.  This  approximate  equilibrium 
of  supply  and  demand  occurs  by  1980  for  all  three  pnces  of  oil. 
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term  policy  of  the  F.P.C.  (even  if  present  Conunission- 
ers  are  departing  from  it).  Thus  the  forecasts  on  the 
left  of  Table  4.3  are  used  in  Table  2.1. 

Much  the  same  approach  has  been  used  in  selecting 
the  National  Petroleum  Council  forecasts  for  gas  liquids 
and  for  natural  gas  shown  in  Table  2.2.  Here  the  Case 


II  forecasts  are  shown,  rather  than  the  Case  I  as  in 
crude  oil,  because  gas  price  controls  are  likely  to  exert 
a  significant  influence  over  the  next  few  years.  Even 
with  partial  decontrol,  the  time  lags  in  exploration  pre- 
vent additions  to  supply  before  1980  which  are  much 
more  expansive  than  those  of  Case  II. 


Five:  The  Supply  of  Coal 


The  United  States  has  vast  reserves  of  coal,  both  in  the 
well-explored  regions  east  of  the  Mississippi  River  and 
in  partially-explored  portions  of  Wyoming  and  Mon- 
tana. Whether  these  reserves  can  be  developed  in  time 
to  make  a  significant  contribution  to  Project  Indepen- 
dence depends  upon  the  cost  of  mining  and  transport- 
ing the  coal  to  final  markets  and  on  the  growth  in 
demand  for  coal.  These  factors,  in  turn,  are  influenced 
by  political  matters — principally  environmental  protec- 
tion regulations  against  sulfur  emissions  from  coal 
burned  to  generate  electricity. 

The  potential  pattern  of  development  calk  for  op- 
erating on  the  intensive  margin  in  the  Eastern  coal  re- 
gions: exploiting  existing  underground  mines  more  in- 
tensively, first  for  sulfur-free  coal,  and  later  for  sulfur- 
ous  coal.  Before  that  sulfurous  coal  is  considered,  how- 
ever, above-ground  strip  mining  of  new  resources  in 
Wyoming  and  Montana  should  come  into  operation  on 
the  extensive  margin,  thereby  helping  avoid  violation 
of  environmental  standards.  Thus  the  potential  supply 
of  coal  at  various  prices  consists  of  Eastern  low-sulfur 
sources  at  now  prevailing  prices.  Western  strip-mined 
coal  at  prevailing  or  slightly  higher  prices,  and  Eastern 
high-sulfur  coal  at  much  higher  prices — where  the 
higher  prices  include  the  implied  social  costs  of  en- 
vironmental degradation,  or,  alternatively,  the  costs  in- 


curred for  stack-gas  scrubbers  or  other  purification  de- 
vices. 

There  is  a  great  deal  of  high-sulfur  coal  available  at 
these  higher  prices,  but  the  ability  of  the  economy  to 
utilize  it  is  limited.  This  is  because  only  so  much  coal 
can  be  used  for  energ)' — coal  cannot  be  burned  in  auto- 
mobiles or  airplanes — and  in  the  next  seven  to  ten  years 
the  capacitv  of  facilities  able  to  bum  coal  is  relatively 
fixed. 

In  an  attempt  to  quanrify  this  state  of  affairs,  we  be- 
gin with  estimates  of  the  unit  cost  of  coal  at  present 
levels  of  production  in  the  East,  and  at  now-contem- 
plated levels  of  production  from  the  Western  strip- 
mined  regions.  We  will  then  ask  whether  costs  of  extrac- 
tion would  be  significantly  greater  at  higher  rates  of 
production,  and  thus  begin  to  trace  out  a  rough  supply 
function  for  higher  prices.  M  that  point,  the  supply 
function  will  be  ■truncated"  by  introducing  demand 
constraints. 

The  Cost  of  Eastern  Low-Sulfur  Coal 

Because  of  the  severe  environmental  damage  caused 
by  the  technique  in  the  hilly  terrain  of  .\ppalachia,  it 
is'  likelv  that  strip  mining  will  be  limited  there.  In  the 
flatter  sections  of  Illinois  and  Indiana,  there  is  evidence 
that  large  blocks  of  strippable  coal  are  scarce.  There- 
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fore  any  substantial  expansion  of  coal  production  in  the 
East  will  have  to  rely  on  underground  mining. 

The  unit  costs  of  coal  extraction  in  the  East  are  a 
composite  of  capital  costs,  labor  costs,  and  develop- 
ments in  labor  productivity.  Concentrating  on  the  low- 
sulfur  coal,  capital  costs  appear  to  be  close  to  $2  50  per 
ton,  a  figure  based  on  recent  information  for  capital  ex- 
penditures and  a  15  per  cent  rate  of  discount  over  a 
twenty-year  period.'  Supplies,  power,  and  other  minor 
inputs,  according  to  Bureau  of  Mines  engineering  esti- 
mates, add  about  $2.00  per  ton. 

Labor  costs  depend  upon  assumptions  about  wage 
increases  and  productivity  changes.  The  projection  of 
wages  is  a  difficult  problem.  Wages  are  determined 
through  collective  bargaining  and  there  is  no  unique 
wage  for  each  level  of  employment  and  output.  There- 
fore, at  current  levels  of  output  a  wide  range  of  wages 
is  possible.  To  any  estimate  must  be  added  about  an 
80<  per  ton  contribution  to  the  Union  Welfare  Fund. 
R.  L.  Gordon  estimates  that  in  1973  the  average  daily 
wage,  including  fringe  benefits,  was  $65.60.^ 

This  wage  is  not  likely  to  remain  constant,  even  at 
constant  levels  of  employment.  It  is  becoming  increas- 
ingly difficult  to  attract  new  workers  into  coal  mining. 
Moreover,  the  entry  of  inexperienced  workers  necessi- 
tates training  costs  not  incurred  when  mining  com- 
panies were  able  to  draw  upon  an  experienced  labor 
pool.  For  these  reasons  labor  costs  will  rise,  although  it 
is  impossible  to  sav  how  high,  .^n  extrapolation  of  the 
1969-1973  rate  of 'real  wage  increase  yields  a  S97.00 
daily  wage  in  1980.  Allowing  for  a  truly  extraordinary 
increase,  we  take  $150  as  an  upper  limit  by  the  end  of 
the  decade. 

Labor  productivity  has  not  been  increasing,  and  it  is 
tempting  to  assume  constant  or  declining  productivity 
to  1980.  This  might  be  unduly  pessimistic.  The  industry 
is  beset  by  problems  that,  hopefully,  are  transitional. 
The  Health  and  Safety  Act  of  1969  introduced  many 
changes  in  mining  procedures  that  are  still  having  an 
effect;  but  if  these  are  adjusted  to,  productivity'  should 
return  to  its  1969  level  by  1980.  We  take  as  a  1969  pro- 
ductivity level  that  of  a  large  new  underground  mine 
producing  about  20  tons  per  man-day.  Together  with  a 
daily  wage  of  $150,  this  yields  total'  1980  costs  of  53* 
per  million  B.t.u.  A  more  optimistic  pr<Tdictivity  figure 
of  25  tons  per  man-day  yields  a  cost  of  47*  for  the 
same  quantity. 

These  estimates  lead  to  a  point  estimate  of  "supply." 
The  1980  total  of  capital,  materials,  and  labor  costs  is 
roughlv  $3.80  to  $4.20  per  barrel,  oil  equivalent,  de- 
livered in  Detroit.  It  seems  reasonable  to  assume  that 
the  supply  of  Eastern  low-sulfur  coal  (less  than  one 
per  cent  sulfur)  will  remain  near  its  present  level  of 
approximately  200  million  tons  per  year  at  this  price. 
At  higher  prices,  additional  suppHes  should  be  forth- 
coming. For  example,  we  assume  that  at  $7.00  per 
barrel,  the  production  of  low-sulfur  Eastern  mines 
might  increase  to  250  million  tons  by  1980.  Either  esti- 


mate is  a  cautious  extrapolation  of  present  conditions.' 

The  Cost  of  Western  Coal 

Recent  engineering  studies  of  the  Bureau  of  Mines  es- 
tablish the  cost  of  mining  coal  in  the  Powder  River 
Basin  of  northeastern  Wyoming  and  southeastern  Mon- 
tana.'' The  region  is  a  large  new  source  of  coal.  Costs 
there  are  approximately  $2.25  per  ton  exclusive  of  royal- 
ties and  state  taxes,  and  assuming  discount  rates  of  15 
per  cent  per  year.  (We  exclude  royalties  since  these 
are  the  returns  that  owners  of  low-cost  or  non-marginal 
reserves  would  earn.  States  taxes  have  been  excluded 
because,  while  they  vary  from  state  to  state,  at  present 
they  are  negligible  on  the  whole. ) 

These  costs  are  low.  Assuming  17  million  B.t  u.  per 
ton,  the  Bureau  of  Mines  figures  yield  a  cost  of  about 
13.2i  per  million  B.t  u.*  But  these  estimates  may  not 
include  further  social  costs.  The  Bureau  of  Mines  used 
the  1969  costs  of  land  reclamation  in  their  estimates,  yet 
standards  in  many  states  have  become  stricter  since 
then  and  are  likely  to  become  even  more  exacting.  The 
costs  depend  on  the  amount  of  overburden  that  must 
be  removed  per  ton  of  coal  imcovered  and  on  the 
topographical  and  climatic  conditions  of  the  area.  As- 
suming reclamation  costs  of  $5,000  per  acre  and  a  coal 
seam  thickness  of  ten  feet,  then  costs  of  reclamation  are 
28(?  per  tun  or  1.6e  per  million  B.t.u.  at  the  most.' 
This  meets  the  en\  ironmental  protection  requirements 
at  the  present  time,  but  this  may  not  be  enough  to  re- 
store mined  land  to  its  former  usefulness  in  agriculture. 
No  one  knows  what  the  cost  of  complete  restoration 
would  be. 

These  estimates  of  costs  reflect  present  conditions. 
Three  factors  could  change  future  costs:  depletion  of 


'  In  February,  1973,  the  Mining  Congress  Journal  reported  the 
opening  of  a  new  metallurgical  mine  in  the  East  at  a  cost  of 
about  $16.00  per  annual  ton,  which  is  probably  on  the  high  side 
since  it  was  for  melallurgical-quality  output.  This  was  annualized 
•t  a  15  per  cent  discount  rate  over  20  years. 

*  See  Richard  L  Cordon,  The  Competitive  Setting  of  the  U  S 
Coal  Industry,  1946-1980  ( forthcoming ) . 


'  The  evidence  on  reserves  of  low-sulfur  Eastern  coal  is  very 
poor.  Conventional  estimates  grossly  overstate  availability  by 
including  all  coal  in  the  ground,  regardless  of  cost  of  extraction. 
On  the  other  hand,  a  1967  Bureau  of  Mines  survey,  Analysis 
of  the  Atailahility  of  Bituminous  Coal  in  Appalachia.  1971, 
cited  only  4.5  billion  tons  of  recoverable  reserves  with  less  than 
one  per  cent  sulfur  being  held  by  producers  of  more  than  100,000 
tons  per  year.  Assuming  a  mine  life  of  20  years,  this  could 
support  production  of  only  225  million  tons  per  year,  or  25 
million  more  than  at  present.  The  Bureau  of  Mines  figure  is 
undoubtedly  an  underestimate,  since  it  excludes  reserves  held  by 
land  companies  and  smaller  producers.  In  addition,  what  is 
considered  recoverable  would  increase  as  prices  reached  his- 
torically high  levels.  Yet  allowance  must  be  n.ade  for  replacing 
reserves  lost  through  depletion.  The  recent  difficulty  utilities  have 
had  in  obtaining  low-sulfur  coal  in  the  East  is  further  evidence 
of  the  inelasticity  of  supply  of  low-sulfur  Eastern  coal. 


*  Bureau  of  Mines,  "Cost  Analysis  of  Model  Mines  for  Strip 
Mining  for  Coal  in  the  United ' States,"  Information  Circular 
8535,  1972. 

'A  check  on  this  estimate  is  the  II  to  12  cents  estimated  in 
1970  by  the  North  Central  Power  Study.  (See  S'orth  Central 
Power  Study  Report  on  Phase  1,  October,  1971.)  Allowing  for 
approximately  19  per  cent  inflation  in  construction  costs  since 
1970,  the  Sorth  Central  Power  Study  figure  becomes  13  to  14 
cents  per  million  B.t.u.  in  1973  prices.  Recently  announced  con- 
tracts have  been  in  this  price  range,  an  indication  of  negligible 
royalties  and  taxes. 

•  The  highest  published  estimate  appears  to  be  the  $4,000  to 
$5,600  per  acre  cited  in  Final  Environmental  Statement,  Proposed 
Plcn  of  Mining  and  Reclamation  for  the  Big  Sky  Mine,  Peabody 
Coal  Co..  Coal  Lease  M 15965,  Colstrip,  Montana,  p.  XII-28. 


121 


2o; 


coal  reserves,  changes  in  wages,  and  changes  of  trans- 
portation rates  for  coal  from  Wyoming  to  the  Midwest. 
In  predicting  the  effect  of  depletion  on  cost,  the  im- 
portant factor  is  the  "overburden  ratio" — the  thickness 
of  the  removed  layers  of  rock  and  soil  compared  to  the 
thickness  of  the  seam  of  coal  that  their  removal  ex- 
poses. Bureau  of  Mines  estimates  of  strippable  reserves 
are  based,  at  least  for  Western  coal,  on  maintaining  the 
present  overburden  ratio.'  Thus,  the  Bureau  estimates 
that  there  are  about  13.6  billion  tons  of  sub-bituminous 
coal  in  the  Powder  River  Basin  that  could  be  extracted 
by  strip  mining  techniques  at  overburden  ratios  no 
greater  than  is  now  the  case  in  this  area.  If  we  assume 
tnat  the  life  of  a  mine  is  twenty  years,  this  represents  an 
output  of  680  million  tons  per  year  before  depletion 
makes  it  necessary  to  mine  at  higher  overburden 
ratios,  and  thus  at  increased  costs.' 

Labor  costs  can  also  increase,  resulting  in  higher 
costs  for  Western  coal.  To  exploit  Western  resources, 
workers  must  be  attracted  to  underpopulated  regions 
of  the  country.  We  have  not  estimated  how  high  wages 
woiJd  have  to  rise  to  bring  in  sufficient  labor,  but  we 
can  examine  the  effects  of  higher  wages.  Using  engi- 
neering estimates  of  costs,  we  separate  the  total  into 
labor  and  labor-related  costs,  and  capital  costs.  The 
former  accounted  for  34«  per  ton  in  1973.  The  Union 
Welfare  contribution  added  75*  per  ton  ( it  is  expected 
to  increase  to  80*  per  ton  mined  in  1974).  If  all  else 
stays  constant  in  real  terms  (constant  level  of  pro- 
ductivity and  capital  costs),  we  can  examine  the  effect 
of  an  increase  in  real  wages  by  varying  the  rate  of 
increase  of  wages  and  looking  at  the  final  cost  in  cents 
per  million  B.t.u.  This  is  done  in  Table  5.1,  which  shows 
that  wages  do  not  greatly  affect  long-run  costs  in  West- 
em  mining. 

Transportation  rates  are  the  third  important  deter- 
minant of  the  cost  of  Western  coal.  They  are  set  by  the 
few  railroads  that  run  into  the  region  from  the  Mid- 
west. Existing  rates  average  7.5  mills  (tenths  of  a 
cent)  per  ton  mile,  with  some  in  the  range  of  5  to  5.5 
mills  per  ton  mile.  Many  utilities  planning  new  coal- 
fired  plants  are  using  rates  close  to  five  mills  to  estimate 
their  shipping  costs. 

There  are  reasons  for  arguing  that,  for  a  given  cus- 
tomer, rates  could  be  either  in  the  range  of  five  mills  or 
in  the  range  of  seven  to  eight  mills  per  ton-mile.  It 
is  possible,  for  example,  that  new  coal-fired  plants 
might  initially  be  charged  reduced  rates  because  new 
coal  consumers  could  move  their  planned  facilities  and 
use  another  transporter.  This  bargaining  advantage  is 
constrained,  however,  because  a  single  railroad  pro- 
vides service  to  most  of  the  coal-producing  territory  and 
is  assured  of  a  preponderance  of  the  outbound  rail 
movement.  .Mthough  a  lower  range  of  rates  per  ton  mile 


'  See  Bureau  of  Mines,  "Strippable  Reserves  of  Bituminous 
Coal  and  Lignite  in  the  United  States,"  Information  Circular 
8531(1971). 

'  An  additional  uncertainty  with  respect  to  Western  reserves  is 
whether  the  low-sulfur  supplies  from  this  region  satisfy  the 
environmental  standards  of  the  Clean  ,\ir  .Act.  The  low-B.t.u. 
content  of  the  coal  requires  that  it  have  a  lower  sulfur  content 
than  coal  with  a  higher  heabng  value,  such  as  that  pioduced  in 
the  East.  Because  of  this  uncertainty  and  other  short-run  un- 
knowns to  be  discussed  later,  we  have  attcmpied  to  be  conserva- 
tive in  our  estimates  of  how  far  coal  production  in  the  West 
can  be  expanded. 
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Table  5.1:  Western  Coal  Costs  (in  dollars  per  ton)  under  Alter- 
native Assumptions  about  the  Annual  Rate  of  ^^age  Increases. 

The  impact  of  increased  labor  costs  is  shown  to  t>e  niinimal. 
Source:  "Cost  Analyses  of  Model  Mines  for  Strip  Mining  of  Coal 
in  the  United  States,"  Bureau  of  .Mines  Information  Circular 
85-35,  1972,  pp.  85-100.  All  costs  were  adjusted  to  reflect  the  rate 
of  inflation.  "Capital  costs"  were  calculated  b\  computing  the 
present  discounted  value  of  purchased  equipment  at  a  15  per 
cent  rate  of  interest.  Finally.  "lalx)r-relatcd"  expenditures  refer 
to  items  that  the  Bureau  of  Mines  estimates  as  a  percentage  of 
other  expenditures;   thus  these  costs  would  increase  as  wages 


might  prevail  for  new  mining  capacity  in  the  next  five 
years,  pressures  for  higher  rates  to  offset  increased 
wage  and  fuel  costs  may  be  expected  to  nullify  the 
benefits  of  low  "incentive"  rates,  especially  on  long 
hauls  to  the  Midwest.  It  is  also  possible  that  the  rail- 
roads have  quoted  unrealistically  low  rates  and  that 
they  will  together  be  able  to  restrict  the  supply  of 
transportation  services  through  the  medium  of  the  In- 
terstate Commerce  Commission  rate  setting  practices. 
Under  these  conditions,  the  rates  may  be  closer  to  7.5 
tlian  to  5.5  mills  per  ton  mile,  particular!)  into  the  East, 
where  railroads  have  an  interest  in  protecting  the  com- 
petitive position  of  Eastern  mines. 

In  Table  5.2  we  consider  these  alternatives  by  pre- 
senting the  delivered  cost  for  coal  in  various  cities, 
using  a  15  cent  mine-mouth  production  cost  and  two 
different  transportation  rates.  The  table  indicates  the 
importance  of  the  transportation  rale  in  determining 
the  supply  price  of  coal.  It  must  be  expected  that  under 
present  procedures  for  setting  rates,  the  higher  rates 
would  be  in  effect  and  therefore  the  higher  supply 
prices  of  coal  would  prevail. 

These  considerations  lead  to  a  rough  but  fairly  com- 
prehensive picture  in  which  supply  prices  and  levels  of 
production  are  not  greatly  different  from  those  prevail- 
ing at  the  present  time.  The  constraints  on  increased 
production  in  the  NN'est  lie  not  in  a  lack  of  low-cost  re- 
serves, but  rather  in  the  supplies  of  input  factors  be- 
tween now  and  1960.  We  examine  these  bottlenecks  in 
the  following  paragraphs. 

Cost-Increasing  Factors  in  the  Short-Run 
The  preceding  discussion  is  based  on  attempts  li  find 
"point  estimates  ■  of  marginal  and  averace  costs  of  pro- 
ducing coal  at  normal  levels  of  growth  of  the  industry, 
and  under  expected  conditions  in  input  factor  markets. 
This  provides  an  approximation  of  tne  supply  function 
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T»ble  5.2:  The  Cost  of  Western  Coal  Delivered  to  Various  Places 
in  1980.  The  table  uses  two  transportabon  rates,  to  show  that 
this  cost  has  a  large  effect  on  the  total  tost  of  coal.  The  higher 
of  the  two  rates  will  probably  prevail,  resulting  in  the  delivered 
costs  shown  in  boldface  type. 


for  coal — the  curve  of  supply  t;^.  price — at  levels  of 
"production"  in  keeping  with  low  rates  of  expansion  of 
present  capacit)-.  To  find  other  points  on  the  supply 
function  involves  considering  higner  levels  of  produc- 
tion. The  marginal  and  average  costs  of  providing 
higher  rates  of  production  should  themselves  be  higher. 

There  are  a  number  of  potential  bottlenecks  in  the 
supplies  of  input  factors  which  could  make  the  cost  of 
providing  more  production  appreciably  higher  than  the 
estimates  shown  for  normal-growth  production.  These 
bottlenecks  appear  in  transportation,  mining  machinery, 
environmental  and  land-use  legislation,  and  manpower. 

Potential  transportation  bottlenecks  include  limita- 
tions on  the  supply  of  hopper  cars  and  track  necessary 
to  haul  large  amounts  of  Western  coal  into  the  Midwest. 
It  is  Ukely  that  by  1980  enough  cars  could  be  pro- 
duced, and  enough  immediate  policy  changes  could  be 
made,  to  allow  a  larger  outflow  of  coal  traffic.  The  mea- 
sures— such  as  upgrading  roadbeds,  improving  signal- 
ing, adding  to  siding  capacity,  and  so  on — could  be 
undertaken  by  1980  and  probably  would  not  appre- 
ciably increase  shipping  costs  per  ton.  There  are,  of 
course,  limits  to  the  process,  although  no  one  knows  at 
present  what  these  limits  are;  prevailing  opinion  seems 
to  be  that  with  no  appreciable  increase  in  cost  the 
traffic  could  be  expanded  to  more  than  200  miUion 
tons  per  year.*  The  willingness  of  the  railroads  to  make 
the  necessary  investments  for  handling  higher  traffic 
volumes  would  depend  on  their  assessment  of  its  dura- 
tion and  profitabihty. 

A  potentially  serious  bottleneck  for  the  Western  coal 
industry  is  the  availability  of  mining  machinery.  In- 
dustry representatives  indicate  that  capacity  could  ex- 

'This  assessment  depends  upon  railroad  transportation  con- 
ditions. There  are  other  transport  modes  that  could  be  used,  such 
as  barging  from  St.  Louis  down  the  Mississippi  and  up  the 
Ohio  River.  Yet  significant  increases  in  barge  traffic  would  prob- 
ably congest  the  locks  and  increase  costs.  Slurry  pipelining 
would  appear  to  be  limited  because  of  the  constraint  on  water 
supplies  in  the  arid  West. 


pand  to  support  a  billion  tons  per  year  of  strip-mined 
coal  by  1985,  but  rarely  does  anyone  ask  what  the  costs 
of  capital  goods  for  strip-mining  operations  at  this  rate 
of  production  would  be.  Yet  even  at  the  present  time, 
the  industry  produces  enough  machinery  each  year  to 
add  15  milhon  tons  per  year  to  production  capacity. 
Thus  without  any  scale-up,  the  mining-machinery  in- 
dustry would  provide  enough  for  100  million  tons  ad- 
ditional yearly  output  by  1980.  Therefore  it  is  likely 
that  more  production  could  be  achieved  without  mucn 
higher  costs  of  capital  equipment. 
There  are  potential  public  policy  "bottlenecks"  as 
well.  They  include  regulations  on  reclamation  of  strip- 
mined  land,  whose  uncertain  costs  have  been  discussed 
earlier.  A  typical  bill,  now  being  considered  by  the 
House  Interior  Committee,  would  tax  Western  strip 
mining  at  $2.50  per  ton,  to  provide  a  fund  for  re- 
claiming strip-mined  land;  this  would  double  the  mine- 
mouth  costs  of  coal,  to  approximately  30^  per  million 
B.t.u.  The  necessary  reclamation  is  yet  to  be  deter- 
mined. In  many  areas  of  the  West  it  would  be  very 
difficult  to  restore  the  lands  completely  because  of  the 
dry  chmate,  although  there  have  been  some  successes 
on  an  experimental  basis.  A  law  that  required  complete 
restoration  would  eliminate  some  of  the  potential  re- 
serves. 

A  second  policy  bottleneck  has  been  a  moratorium  on 
leasing  the  substantial  portion  of  Western  coal  lands 
which  is  owned  by  the  Federal  government.  Since  it 
takes  about  three  years  to  develop  a  mine,  substantial 
increases  in  output  could  not  be  made  from  these 
lands  until  the  very  late  nineteen-seventies,  even  if  the 
moratorium  were  ended  immediately. 

Manpower  limits  have  been  discussed  above,  par- 
ticularly with  respect  to  mining  in  the  West.  If  it  be- 
comes more  difficult  than  expected  to  bring  men  and 
the  necessary  support  facilities  such  as  Uving  quarters, 
services,  etc.,  to  an  underpopulated  area,  then  outputs 
could  be  curtailed  or  costs  could  increase  at  an  un- 
changed rate  of  output.  In  all,  the  combination  of 
these  bottlenecks  and  limits  on  resources  could  sub- 
stantially increase  the  prices  necessary  to  bring  forth 
supplies  beyond  the  amounts  forecast  above. 

Based  on  the  cost  estimates  made  earlier,  and  con- 
sidering the  various  bottlenecks,  there  should  be  some- 
where near  150  million  tons  per  year  of  Western  coal 
available  by  1980  at  prices  equivalent  to  754  per  mil- 
lion B.t.u.  delivered  in  Detroit.  Assuming  that  a  dou- 
bling of  costs  results  from  doubling  output,  then  at 
prices  equivalent  to  $1.50  per  million  B.t.u.  in  Detroit, 
there  could  be  supphes  from  Western  sources  totaUng 
as  much  as  300  million  tons  per  year. 

Supplies  of  High-Sulfur  Eastern  Coal 

Based  on  our  rough  estimates  for  Eastern  and  Western 
supplies,  the  total  supply  of  low-sulfur  coal  in  1980 
could  rise  as  high  as  550  milhon  tons  per  year,  which 
is  about  equal  to  current  production  of  high-  and  low- 
sulfur  coal  combined.  This  suggests  that  complete  reli- 
ance on  low-sulfur  coal  may  not  be  possible  within  the 
range  of  prices  cited  above,  and  uncertaint)'  about  low- 
sulfur  suppUes  in  the  East  makes  it  unLkely  that  gov- 
ernment policy  will  rely  on  low-sulfur  coal  alone.  High- 
sulfur  Eastern  coal  will  be  used,  which  will  involve 
higher  costs — either  the  implied  costs  of  environmental 
damage  or  the  costs  of  instalhng  stack-gas  desulfuriza- 
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tion  devices.  If  such  devices  are  not  available  in  1980, 
a  policy  choice  will  have  to  be  made  between  the  use 
of  nigh-sulfur  coal  or  very  much  higher  fuel  prices. 

Reserve  statistics  indicate  the  availability  of  large 
quantities  of  high-sulfur  coal  in  the  East.  These  could 
be  available  at  the  low  end  of  the  price  range  cited 
above  for  low-sulfur  Eastern  coal,  because  producers 
wc'ild  not  have  to  dig  as  deeply  or  mine  coal  seams 
as  iiin  as  for  the  low-sulfur  coal.  At  754  per  million 
B.t.u.  delivered  in  Detroit,  it  is  not  too  optimistic  to 
assume  that  at  least  the  present  rate  of  350  million  tons 
per  year  could  be  maintained.  But  this  price  does  not 
include  the  social  costs  of  pollution  or  the  costs  of  sulfur 
removal.  At  the  conclusion  of  this  section,  we  will  con- 
sider supphes  of  high-sulfur  coal  at  various  costs  of 
sulfur  removal. 

Demand  Constraints  in  the  Short-Run 

Even  if  the  United  States'  coal  industry  could  expand 
its  production  without  limit,  the  country  would  be  Lm- 
ited  in  its  capacity  to  use  coal  in  1980.  Based  on  pro- 
jections of  past  consumption,  the  1980  demand  for  coal 
will  be  about  700  million  tons.  Allowing  for  the  greatest 
possible  extent  of  conversion  of  electric  power  plants 
from  oil  and  gas  to  coal,  demand  could  rise  another  75 
milhon  tons  by  that  year.  This  assumes  that  44  per  cent 
of  oil  plants  and  12  per  cent  of  multi-fuel  plants  could 
convert  to  coal  (as  reported  by  the  Feaeral  Power 
Commission  in  The  Potential  for  Conversion  of  Oil- 
fired  and  Gas-fired  Electric  Generating  Units  to  Use  of 
Coal,  November  6,  1973).  While  the  calculation  is  a 
rough  one,  it  appears  that  the  demands  for  coal  in  1980, 
based  upon  capacity  to  utilize  it  and  upon  present 
technologies,  probably  would  not  exceed  800  millions 
tons  per  year.  This  amount  is  not  far  greater  than  the 
volume  expected  to  be  forthcoming  in  the  "point  esti- 
mates" made  above,  which  assumed  normal  growth. 
Thus,  although  appreciable  cost  increases  could  be  ex- 
pected at  much  higher  rates  of  output,  these  higher 
rates  may  be  irrelevant  as  a  result  of  demand  con- 
traints. 

Supply  Forecast  in  Tables  2.1  and  2.2 

Given  all  the  uncertainties,  it  is  di£Bcult  to  say  with  any 

Srecision  what  the  supplies  of  coal  will  be  in  1980. 
[ere  we  present  a  basic  estimate  for  conditions  of 
'modest  growth"  in  the  coal  industry.  An  attempt  is 
nade  to  present  a  range  of  estimates  for  alternative 
trices,  but  only  within  the  demand  constraints. 

Detroit  is  taken  as  a  reference  market,  and  it  is  as- 
umed  that  coal  competes  with  crude  oil  there  at  an 
jqual  price  per  million  B.t.u.  of  energy.  Therefore  coal 
)riced  at  75^  per  million  B.t.u.  is  assumed  to  be 
equivalent  to  oil  at  $4.50  to  $5.00  per  barrel.  Coal  at 
11.50  per  milhon  B.t.u.  is  equivalent  to  oil  at  $9  to  $10 
lier  barrel.  Tables  2.1  and  2.2  contain  an  estimate  based 
n  the  assumption  that  some  high-sulfur  coal  is  burned, 
in  order  to  approximate  the  full  costs  of  using  this  fuel, 
!:  is  also  assumed  that  stack-gas  desulfurization  devices 


become  available. 

At  present,  there  is  much  dispute  about  whether  this 
technology  can  be  forecast,  and  what  it  would  finally 
cost  if  it  were  available.  The  range  of  estimates  is  wide, 
depending  upon  who  makes  them  and  whether  the  fore- 
caster is  talking  about  existing  plants  or  building  new 
ones.  The  forecasted  costs  for  fitting  existing  plants 
seem  to  range  from  30*  to  85*  per  million  B.t.u.  (and 
at  85*  this  technique  could  not  compete  with  low-sul- 
fur Western  coal  today).  Tables  2.1  and  2.2  assume 
that  the  technology  is  available  at  the  midpoint  of  the 
range — 58*  per  million  B.t.u. 

.\t  $7.00  per  barrel  oil  equivalent.  Eastern  high-sulfur 
coal  could  cost  no  more  than  41*  per  million  B.t.u.  at 
the  mine-mouth.  This  is  a  low  price  compared  to  the 
estimates  above,  so  1980  supplies  of  Eastern  high-sulfur 
coal  are  estimated  at  250  million  tons,  a  reduction  from 
the  present  level  of  output.  Eastern  low-sulfur  supplies 
are  estimated  at  250  million  tons,  and  Western  coal  at 
200  million  tons.  The  total  is  the  equivalent  of  7.1  mil- 
lion barrels  per  day  of  oil,  as  shown  in  Tables  2.1  and 
2.2.  With  stack-gas  desulfurization  available  at  58*, 
the  earlier  cost  estimates  indicate  that  at  a  maximum 
of  $7.68  per  barrel  ($1.28  per  million  B.t.u.),  substantial 
amounts  of  high-sulfur  coal  could  be  available.'"  It  is 
not  unreasonable  to  assume  that  at  this  price,  300  to  350 
million  tons  would  be  forthcoming,  which,  together 
with  the  low-sulfur  supplies,  would  approximate  the 
demand-constrained  level  of  800  million  tons,  or  8.0 
million  barrels  per  day. 

It  is  important  to  stress  that  this  result  depends  upon 
the  availability  of  desulfurization  technology  at  58* 
per  million  B.t.u.  The  market-clearing  price  could  be 
higher  if  such  devices  prove  more  costly.  If  they  are  not 
available  at  all,  it  is  likely  that  sulfur  re^rictions  would 
not  be  met,  which  would  involve  a  social  cost  that 
might  be  reflected  in  the  price,  depending  on  govern- 
ment policy. 

These  estimates  are  rough,  but  a  central  conclusion 
emerges.  Without  low-cost  desulfurization  techniques, 
reliance  on  low-sulfur  coal  could  be  very  expensive.  If, 
on  the  other  hand,  a  low-cost  desulfurization  methoc  .s 
available,  coal  use  can  expand  quite  rapidly — subject 
only  to  limits  on  demand. 

The  longer  the  time  period,  the  more  the  bottlenecks 
can  be  overcome.  In  the  short-run,  we  move  along  a 
supply  curve  that  reflects  fixed  capacity  in  mining 
equipment  and  rail  transportation.  But  in  time,  adjust- 
ments can  be  made  in  these  capacitities.  \s  we  move 
into  the  nineteen-eighties,  we  would  expect  the  output 
levels  discussed  in  tnis  section  to  be  available  at  lower 
costs,  and  larger  outputs  to  be  available  at  approxi- 
mately the  same  costs.  The  final  levels  of  supply  and 
demand  depend  crucially  on  environmental  goals  in 
public  pobcy  and  the  abihty  of  the  coal  industry  to 
supply  an  environmentally  acceptable  fuel. 


>°At  a  wage  of  $100  per  day,  in  place  of  the  SI  SO  assumed 
earlier,  this  coal  would  become  available  at  about  }7.00. 
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Six:  Nuclear  Power 


The  large  nuclear  reactors  presently  being  built  for 
electric  power  generation  are  known  as  "thermal"  re- 
actors, since  the  fission  of  uranium  or  plutonium  atoms 
within  them  is  caused  by  neutrons  which  are  moderated 
in  energ)-  so  as  to  be  nearly  in  thermal  equilibrium  with 
their  en\  ironment.  Water  reactors  can  use  either  heavy 
water  (deuterium  oxide,  D2O)  or  light  water  (HjO) 
for  thermalizing  neutrons  and  removing  the  energ)'  re- 
leased by  fission,  the  most  prominent  U.S.  design  is  the 
light-water  reactor  (L.W.R. ).  An  alternative  design 
uses  graphite  for  moderation,  and  helium  gas  for  a  cool- 
ant, and  is  called  the  high-temperature  gas-cooled  re- 
actor (H.T.G.R.).  Both  L.W.R.s  and  H.T.G.R.s  are  in 
use  or  under  construction  in  the  U.S. 

Development  work  is  underway  on  other  reactor 
concepts  as  well.  The  liquid-metal-cooled  fast  breeder 
reactor  (L.M.F.B.R.)  is  considered  by  many  experts  to 
be  the  most  attractive  future  design.  The  system  will 
produce  a  shower  of  neutrons  sufficient  to  convert  a 
nonfissionable  isotope  of  uranium  into  a  fissionable  iso- 
tope of  plutonium,  as  well  as  causing  the  fission  that 
ultimately  generates  electricity.  It  appears  likely  that  an 
L.M.F.B.R.  can  be  built  which  will  produce  more  fis- 
sionable material  than  it  consumes — hence  the  word 
"breeder."  The  L.M.F.B.R.  has  been  developed  to  the 
point  of  operation  of  several  demonstration  reactors  in 
the  U.S.  and  abroad,  and  efforts  around  the  world  are 
increasingly  focusing  on  this  important  concept.  More 
advancecT breeder  concepts  include  the  gas-cooled  fast 
breeder  (G.C.F.B.R. ),  the  light-water  breeder 
(L.W.B.R.),  and  the  molten  salt  breeder  (M.S.B.R.). 
These  systems  are  in  an  early  research  phase,  and  offer 
little  likelihood  of  having  any  impact  before  the 
L.M.F.B.R.  program. 

Light  Water  Reactors 

Figure  6.1  illustrates  the  present  planning  schedule  for 
the  initiation,  design,  construction,  and  startup  of  a 
light-water  nuclear  plant.  Clearly  no  plant  orders  in 
1974  can  influence  the  availability  of  electric  energy  in 
1980  unless  the  lead  time  of  ten  years  is  reduced  by  40 
per  cent  or  more.  The  principal  bottlenecks  can  be 
grouped  into  four  categories:  initial  site  analysis,  pre- 
liminary regulatory  matters,  construction,  and  final  reg- 
ulatory matters. 

D  Site  Analysis.  The  one-and-a-half  year  process  of 
site  analysis  and  selection  cannot  be  reduced  signifi- 
cantly in  the  next  one  or  two  years.  Beyond  that,  how- 


ever, site  analysis  delays  could  be  reduced  by  planning 
"energv  parks,"  in  which  a  large  amount  of  capacity 
would  be  constructed  at  a  single  location.  The  use  of 
platform-mounted  offshore  nuclear  plants  might  also 
ease  the  site  problem  somewhat.  Orders  for  se\eral  off- 
shore plants  have  already  been  placed. 

n  Preliminary  Regulatory  Matters.  Before  construction 
of  a  new  plant  can  begin,  an  Environmental  Report  and 
Preliminary  Safety  Analysis  must  be  prepared,  and  the 
plant  must  pass  a  review  by  the  .\toniic  Energy  Com- 
mission. .\\\  this  takes  time,  for  the  environmental  and 
safety  studies  are  presentl)'  unique  to  each  plant.  Ge- 
neric review  of  standardized  plant  t)pes  is  being  ad- 
vocated by  the  nuclear  industry.  With  such  a  change, 
and  with  the  preparation  of  a  general  environmental 
report  for  a  single  site  to  be  used  by  many  plants,  this 
part  of  the  time  scale  could  be  reduced  by  50  per  cent 
or  more. 

A  continuing  complication  is  that  any  public  inter- 
vention can  presently  cause  delays  of  up  to  a  year  in 
hearings  on  the  issuance  of  a  construction  permit.  The 
.\.E.C.  has  not  been  successful,  thus  far,  in  streamlining 
hearings.  The  problem  is  under  study,  but  no  public 
date  for  presenting  new  guidehnes  has  yet  been  an- 
nounced. 

D  Construction.  The  current  manpower  situation  is 
critical.  Labor  productivity  is  low  due  to  lack  of  experi- 
ence, uniqueness  of  each  plant,  and  the  need  for  exact- 
ing quality  control.  Most  architectural  and  engineering 
firms  with  the  capacity  to  handle  nuclear  design  are 
severely  taxed,  as  discussed  in  Section  7  All  these  fac- 
tors contribute  to  construction  dela\s. 

There  is  some  hope  for  improvement.  Duke  Power 
does  its  own  construction  and  claims  a  four-year  con- 
struction period — one  full  year  less  than  is  shown  in 
Figure  6.1.  Similarly,  European  and  Japanese  experi- 
ence indicates  that  four-year  construction  is  possible 
without  excessive  cost  to  the  utility.  Moreover,  by  stan- 
dardization of  plant  design  and  construction,  the  ex- 
perience gained  in  building  a  first  plant  can  increase 
efficiency  and  lessen  construction  time  for  subsequent 
plants.  Despite  these  potential  improvements,  however, 
little  gain  in  the  pace  of  construction  is  expected  in  the 
next  few  years. 

D  FinaZ  Regulatory  Matters.  The  final  review  and  li- 
censing procedures  are  not  critical  factors  in  the  time 
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Figure  6.1:  Planning  Schedule  for  a  Light-Water  Reactor  Plant.  facibt)   for  rlcctriclty  generation.  About  half  of  this 

It  now  retjiures  about  ten  years  to  plan  and   construct  such  a  voted  to  constnicbon. 
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scale,  since  this  review  proceeds  with  construction.  The 
process  is  facilitated  by  rigorous  requirements  for  qual- 
ity control  during  construction  which  were  introduced 
by  the  A. E.G.  in  1970-71,  and  strengthened  in  1972-73. 
These  requirements  are  expected  to  cause  difficulties 
for  the  next  two  or  three  \ears  until  experience  is 
gained,  but  not  thereafter.  Of  course,  public  interven- 
tion is  a  possible  cause  of  delay  at  the  final  stage  of 
plant  construction  as  well  as  at  the  start. 

Alternative  Technology 

Experience  with  the  High-Temperature  Gas-Cooled  Re- 
actor is  limited  to  one  small  (40  MWe)  operating 
plant,  and  one  moderate  sized  (330  MWe)  plant 
which  will  begin  operation  in  the  Fall  of  1974.  Due 
to  limited  experience,  construction  time  is  longer  than 
that  for  a  Ught  water  reactor  of  similar  size,  and  there 
is  little  hope  of  reduced  construction  time  in  the  next 
five  to  eight  years.  The  H.T.G.R.  uses  a  uranium-car- 
bide fuel  array  which  is  verv  different  in  composition 
and  construction  from  L.W'.R.  fuel  elements.  Special 
production  and  fabrication  facilities  are  needed;  plants 
that  produce  L.W'.R.  fuel  cannot  be  adopted  to  produce 
H.T.G.R.  fuel.  A  fuel-fabrication  plant  is  under  con- 
struction, with  completion  expected  by  1978,  but  it  can- 
not produce  more  than  six  reactor  cores  bv  1982. 

The  breeder  program  is  eight  years  from  a  demon- 
stration plant,  with  an  additional  ten  years  before  com- 
mercial operation.  European  programs,  particularly  the 
French  effort,  are  five  to  eight  years  ahead  of  the  U.S. 
The  breeder  program  is  the  ultimate  nuclear  fission 


energy  source,  but  in  the  U.S.  its  influence  will  not  be 
felt  until  1990  or  later. 

Uranium  Resources 

Another  important  factor  in  a  rapid  expansion  of  the 
nuclear  industry  is  the  availability'  of  uranium  enrich- 
ment capacity.  Natural  uranium  contains  over  99  per 
cent  nonfissionable  U"';  only  0.71  per  cent  is  the  fis- 
sionable isotope  U"'.  In  order  to  reduce  the  size  and 
improve  the  economics  of  L.W.R.s,  it  is  customary  to 
enrich  the  U"'  concentration.  The  gaseous  diffusion 
process  is  used  by  the  U.S.  and  other  nuclear  powers 
for  enrichment,  but  gaseous  diffusion  plants  cost  billions 
of  dollars.  An  alternative  concept  based  upon  gaseous 
centrifugal  separation  has  been  developed  in  Europe; 
plants  are  now  under  construction  for  commercial  op- 
eration, and  orders  are  being  accepted  for  separative 
work.  Presumably,  the  process  is  competitive  with  gase- 
ous diffusion,  but  economic  details  and  a  time  schedule 
are  not  available. 

The  present  capacity  of  America's  three  diffusion 
plants  is  17.8  million  s.w.u.  per  year  (the  capacity  of 
enrichment  facilities  is  denoted  in  "separative  work 
units"  or  s.w.u. )  Projections  of  nuclear  generation  in  the 
mid  nineteen-eighties  range  between  105  and  130  thou- 
sand MWe.  which  will  consume  up  to  16  3  million  s  w.u. 
per  year,  nearly  the  present  capacity.  Short  range  pro- 
grams can  increase  capacity  to  about  27  million  s.w.u. 
per  year.  Such  capacity  will  be  required  by  1985,  and 
thus  additional  diffusion  capacity  will  be  required  in 
the  mid-nineteen  eighties. 
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Seven:  Synthetic  Fuels 


Substitute  natural  gas  (SNG),  synthetic  crude  petro- 
leum (syncrude),  and  methyl  alcohol  (methanol]  can 
all  be  produced  from  coal  and  from  oil  shale.  Studies  of 
such  processes  have  not  been  conducted  on  a  large 
scale  in  this  country  until  recently,  because  of  the  do- 
mestic abundance  of  cheap  natural  gas  and  petroleum. 
Intensive  work  on  coal-based  processes  was  carried  out 
in  Europe  prior  to  1945,  however,  and  it  resulted  in 
plants  which  supplied  Germany's  wartime  fuel  needs. 
After  World  \N'ar  11,  development  in  Europe  also 
stopped,  because  of  the  availability  of  cheap  foreign 
crude  oil. 

As  domestic  supplies  of  natural  gas  and  petroleum 
have  lagged  over  the  past  few  years,  interest  in  syn- 
thesis of  tuels  from  coal  and  shale  has  revived,  resulting 
in  manv  different  processes  developed  by  various  or- 
ganizations. Most  of  the  "second  generation"  coal-based 
processes  for  SNG  and  syncrude,  however,  are  still  in 
pilot  stages  at  best.  Design  and  construction  of  large 
plants,  using  one  of  these  second  generation  processes 
without  the  benefit  of  further  pilot-plant  experience, 
would  involve  serious  risks.  Operations  might  limp 
along  at  a  fraction  of  design  capacity,  for  example, 
and  could  thus  incur  ver\'  high  costs. 

Only  for  one  or  two  of  the  new  processes  could  large- 
scale  plant  designs  be  undertaken  today  with  anything 
approaching  confidence.  The  newer  coal-based  proc- 
esses for  s\ncrude  are  still  in  their  developmental 
stages.  The  technologies  of  methanol  synthesis  from 
coal  and  s\ncrude  synthesis  from  oil  shale  appear  to  be 
in  fair  shape,  and  oil  shale  studies  have  progressed  to 
the  point  where  both  Union  Oil  and  the  Colony  Oil 
Corporation  have  announced  tentative  plans  for  new 
plants  in  Colorado,  with  start-up  possible  bv  the  end  of 
the  decade.  Synthesis  of  SN'G  directly  from  oil  shale  is 
still  in  the  early  developmental  stages. 

Of  course,  plants  for  con\crsion  of  coal  to  syncrude 
could  be  designed  using  the  old  European  technology, 
which  is  known  to  "work."  However,  these  old  coal 
liquefaction  processes  appear  too  out-moded  to  deserve 
consideration.  The  old  art  for  making  SNG  from  coal  is 
not  severely  outmoded,  and  is  being  carefully  reviewed 
in  this  countn-,  even  though  newer  processes  under 
development  promise  significant  improvement. 

For  most  processes,  the  products  produced  will  find 
ready  market  acceptance.  The  characterisHcs  of  SNG 
match  those  of  natural  gas.  Syncrude  from  oil  and  from 
coals  are  acceptable  feedstocks  for  refineries.  Coal- 
derived  syncrudes,  however,  tend  to  contain  a  higher 


proportion  of  "aromatics"  (molecules  containing  ben- 
zene rings),  which  are  valuable  for  gasoline  use,  but 
not  as  suitable  for  Diesel  fuel.  Methanol  is  a  newcomer 
when  viewed  as  a  fuel,  and  its  exact  position  in  the  mar- 
ket remains  to  be  established.  It  could  be  simply  and 
cheaply  converted  to  methane,  and  with  more  difficulty 
to  gasoline.  It  also  could  be  used  as  a  boiler  furnace 
fuel.  Its  use  as  a  gasoline  additive  remains  to  be 
evaluated. 

The  various  techniques  for  making  fuels  from  coal 
and  oil  shale  are  difficult  to  compare  for  several  reasons. 
The  processes  often  produce  very  different  mixes  of 
products,  for  example.  Some  simultaneously  make  SNG, 
syncrude,  and  a  coke-like  material  called  char,  in  pro- 
portions varying  from  one  process  to  the  next,  or  in 
proportions  which  can  be  varied  at  will  over  a  consid- 
erable range  within  a  single  process.  Others  make  pri- 
marily SNG,  or  primarily  syncrude. 

All  the  synthesizing  processes  involve  environmental 
problems,  to  attain  low  operating  costs,  the  proposed 
plants  will  be  enormous  in  size,  and  must  be  located 
where  the  necessary  combination  of  coal  or  shale,  wa- 
ter, and  transportation  facilities  are  available.  Procure- 
ment of  the  necessary  process  water  will  be  especially 
difficult  in  some  places,  though  cooling  needs  may  be 
moderated  b\'  appropriate  engineering,  and  in  some 
situations  the  mines  may  yield  a  significant  fraction  of 
the  water  required.  Run-off  waters  from  wastes  (ash 
and  spent  shale )  will  carry  dissolved  salts,  which  also 
represent  an  environmental  problem. 

The  associated  mining  facilities  will  be  correspond- 
ingly large,  especially  where  strip  mining  is  practiced. 
Large  quantities  of  coal  ash  or  spent  oil  shale  must  be 
disposed  of.  The  coals  used  will  produce  five  to  tsventy 
per  cent  of  their  weight  in  ash,  while  the  spent  shale 
will  be  80  to  85  per  cent  of  the  raw  shale  in  weight  and 
will  occupy  a  volume  up  to  50  per  cent  greater  than  the 
shale  before  oil  is  extracted  from  it. 

Somewhat  arbitrarily,  hypothetical  SNG  plants  are 
generally  taken  to  have  a  production  capacity  of  250 
million  cubic  feet  per  day,  consuming  perhaps  16,000 
tons  of  bituminous  coal  daily.  One  hundred  such  plants 
would  produce  only  a  third  of  the  country's  current  gas 
needs,  but  would  consume  all  the  coal  now  being  mined 
in  the  United  States.  A  40,000  barrel  per  day  syncrude 
plant,  based  on  coal,  is  equivalent  to  a  250  million  cubic 
feet  per  day  SNG  plant,  in  that  the  heating  values  of 
the  products  produced  daily  in  the  two  plants  are 
roughly  equal.  Such  a  syncrude  plant  would  consume 
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perhaps  ten  per  cent  less  coal  than  the  equivalent  SNG 
unit.  But  one  hundred  such  syncrude  plants  would  pro- 
duce only  about  a  quarter  of  the  country's  current  15 
million  barrel  daily  consumption  of  crude  oil. 

Costs  of  Synthetic  Fuel  Plants 

Tables  7.1  and  7.2  show  the  results  of  a  survey  of  avail- 
able information  on  the  costs  of  fuel  synthesizing  proc- 
esses. All  costs  come  from  the  open  literature;  due  to 
limitations  of  time  and  facilities,  no  independent  cost 
estimates  are  presented  in  this  study.  The  details  of  the 
preparation  of  these  data  are  reported  in  an  Appendix. 

To  facilitate  comparison,  all  costs  in  the  tables  are  for 
plants  producing  fuel  with  a  heating  value  of  250  X 
10*  B.t.u.  per  day — that  is,  250  million  cubic  feet  per 
day  of  SNG,  40,000  barrels  per  day  of  syncrude,  or  12,- 
500  tons  per  day  of  methanol.  Plant  cost  estimates  made 
and  published  in  earlier  years  have  been  updated  to 
allow  for  inflation.  Plant  investments  have  been  put  as 
nearly  as  possible  on  an  equal  basis  by  including  the 
same  allowances  for  contingencies,  start-up,  construc- 
tion loans,  etc.  These  plant  investments  do  not  include 
the  mines  (e.xcept  in  the  case  of  the  shale  operations), 
nor  do  they  include  housing  for  personnel,  but  other- 
wise they  are  complete. 

Capital  investments  are  presented  in  Table  7.1.  In 
view  of  the  great  uncertainties  in  predicting  costs — es- 
pecially the  costs  of  new  and  unproven  technology  to 
be  installed  in  plants  of  enormous  size — these  figures 
cannot  be  regarded  as  exact.  In  such  situations,  success 
in  predicting  capital  costs  to  within  357c  is  unusual. 
Further  uncertainties  are  introduced  because  the  origi- 
nal cost  estimates  were  made  by  different  groups  whose 
design  philosophies  inevitably  differed.  Finally,  the 
estimates  assume  that  the  costs  of  future  construction 
are  adequately  represented  by  estimates  in  1973  prices. 
As  noted  later  in  this  section,  a  rapid  buildup  of  invest- 
ment in  these  types  of  facilities  could  put  severe  strain 
on  the  construction  industry,  thereby  driving  up  prices. 

While  recognizing  these  limitations,  it  is  worth  noting 
that  for  all  processes,  predicted  capital  costs  are  very 
similar,  falling  into  a  range  of  $350  million  to  $400 
million  for  the  plant  size  considered. 

Typical  operating  costs  for  SNG,  syncrude,  and  meth- 
anol plants  are  presented  in  Table  7.2.  These  costs  are 
subject  to  the  same  kinds  of  uncertainties  as  the  capital 


Proc... 

Ciplltl  eoel, 
in  million  ol 
1973  doHert 

SNG  from  coal, 
old  technology 

$400 

SNG  Irom  co.l. 
n«»  technology 

$300  to  350 

SNG  from  oil  Shalt 

$350 

Syncrude  Irom  coel 

$350 

$450 

Methenol  from  coel 

$350 

Table  7.1:  Capital  Cost  of  Synthetic  Fuel  Plants.  The  figures 
shown  are  for  the  construction  of  plants  that  will  produce  each 
day  fuel  with  a  total  heating  value  of  250  X  10»  B  t.u.  Esti- 
mating costs  for  large  plants  using  unproven  technology  is  very 
difficult,  yet  these  estimates  indicate  that  the  costs  ol  building 
different  types  of  synthesizing  plants  will  be  roughly  equivalent. 
( The  cost  shown  tor  the  oil-shale  processing  plant  includes  an 
investment  in  mining  and  in  waste-disposal  facilities;  the  plant 
alone  would  cost  perhaps  $300  million. ) 

costs  of  Figure  7.1.  All  cost  factors  such  as  coal  price, 
labor  rates,  maintenance  expense,  taxes  and  insurance, 
and  so  on  are  charged  to  the  various  processes  at  the 
same  rates,  as  detailed  in  the  Appendix.  The  15  per  cent 
capital  charge  in  these  estimates  is  typical  of  published 
costs — it  allows  ten  per  cent  for  return  on  capital  and 
five  per  cent  for  depreciation.  But  a  15  per  cent  rate  is 
more  representative  of  utilities  financing  than  of  private 
industry.  .\ny  increase,  of  course,  will  increase  total 
costs  of  operation  correspondingly. 

Of  particular  note  are  the  clustering  of  operating 
costs  in  the  vicinity  of  $1.20  to  S1.60  per  million  B.t.u., 
the  sensitivity  of  total  costs  to  the  costs  of  coal  or  shale, 
and  the  fact  that  escalation  of  construction  costs  could 
drastically  change  these  figures.  Recognizing  all  this,  it 
appears  that  shale  oil  costs,  at  around  $1.17  per  million 
B.t.u.,  are  lower  than  those  for  the  other  processes  con- 
sidered.' 


■Due  to  lack  of  reliable  data,  it  has  not  been  possible  to 
include  comparison  of  the  various  in  situ  shale  processing 
techniques  now  under  consideration. 
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Teble  7.2:  The  .\nnual  Operating  Cost,  in  millions  of  1973  dol- 
lars, of  Various  Synthesizing  Plants,  each  producing  daily  a 
product  with  a  total  heating  value  of  250  X  10'  B  t.u.  While  the 
predictions  are  necessarily  imprecise,  it  appears  that  syncrude 
Irom  oil  shale  will  be  less  expensive  to  produce  than  the  other 


products  shown.  (The  capital  and  fuel  costs  for  the  oil-shale 
plant  reflect  the  costs  of  mining,  crushing,  and  handling  raw 
shale,  and  disposing  of  spent  shale.  The  cost  of  coal  is  calcu- 
lated using  a  price  of  32<  per  million  B.t.u.) 
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Synthetic  fuel  enterprises  would  be  highly  capital  in- 
tensive. A  40,000  barrel  per  day  syncrude  plant,  for 
example,  would  require  an  investment  of  around  $350 
million  and,  with  a  product  price  of  $10  per  barrel, 
would  have  an  annual  sales  income  of  $130  million.  The 
ratio  of  capital  to  annual  sales  is  thu-s  approximately 
three  to  one.  A  similar  ratio  of  plant  investment  to  prob- 
able sales  income  is  expected  for  SNG  and  methanol. 
In  the  chemical  industry,  however,  one  dollar  of  plant 
investment  usually  generates  about  one  dollar  of  annual 
sales. 

In  themselves,  high  ratios  of  capital  to  annual  sales 
are  not  necessarily  discouraging.  Plants  with  such  ratios 
are  attractive  when  there  is  assurance  of  sales  income 
in  future  years  that  is  adequate  to  cover  ail  costs  and 
yield  an  attractive  return.  This  is  attainable  only  when 
technological  risks  which  might  result  in  curtailed  pro- 
duction are  minimal,  and  when  unit  sales  prices  do  not 
fall. 

Construction  Times  for  Synthetic  Fuel  Plants 

For  coal-based  methanol  plants  and  oil  shale  processing 
units,  it  appears  that  design  and  construction  could  be 
undertaken  at  an  early  date  with  fair  confidence  that 
smooth  operation  would  be  immediately  attainable. 
SNG  plants  by  old  (Lurgi)  technology  might  also  be 
placed  in  this  category,  if  it  were  certain  that  the  coal 
to  be  used  would  be  processed  successfully  in  the  Lurgi 
reactors  (.\merican  coals  often  become  sticky,  resulting 
in  serious  handling  difficulties).  Planning  of  SNG  plants 
using  the  most  advanced  of  the  second  generation  tech- 
nology could  be  undertaken  in  perhaps  two  years. 
Syncrude  from  coal  will  probably  require  three  to  five 
years  of  work  before  plant  designs  can  be  undertaken 
with  much  confidence.  SNG  production  directly  from 
shale  (direct  hydiogasification)  lies  farther  in  the  fu- 
ture. 

If  the  necessaiy  design  and  pilot  data  are  available, 
plant  construction  times  are  now  set  at  three  years.  An 
additional  two  to  three  >  ears  is  normally  anticipated  to 
obtain  the  many  permits  and  straighten  out  the  red 
tape  involved.  Demonstration  plants  for  SNG  and  syn- 
crude should  certainly  be  built  soon  to  explore  the 
problems  of  synthesis.  It  would,  however,  seem  un- 
desirable to  be  stampeded  into  constructing  a  large 
number  of  such  plants  based  exclusively  upon  old  tech- 
nology. The  argument  is  often  advanced  that  because  of 
inflation,  plants  using  old  technology,  built  today,  will 
have  no  higher  costs  than  plants  using  improved  tech- 
nology, built  a  few  years  from  now.  The  flaw  appears  to 
be  that  as  a  result  of  such  thinking,  the  country  could 
be  saddled  with  outmoded  plants  of  lower  coal  or  shale 
efficiency. 

In  view  of  the  process  uncertainties,  the  scale  of  the 
operations  involved,  and  the  many  difficulties  in  plant 
location,  it  seems  unlikely  that  any  significant  produc- 
tion of  synthetic  fuels  can  be  expected  much  before  the 
mid-nineteen-eighties  at  best.  Even  then,  a  tremendous 
effort  would  be  required  to  replace  a  large  fraction  of 
natural  gas  and  petroleum  with  fuels  derived  from  coal 
and  shale. 

The  Capacity  of  the  Construction  Industry 

The  volume  of  construction  of  nuclear  and  fossil  elec- 
tric plants,  refineries,  and  other  energy  faciMties  needed 
in  the  next  decade  is  formidable.  If  large-scale  coal  gas- 
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Table  7.3:  An  Indication  of  the  Effort  Required  to  Construct 
Various  Energy  Facilities.  The  figures  shown  for  power  generat- 
ing plants  and  oil  refineries  are  Upical  of  recent  experience; 
those  shown   for  synthesizing  plants  are   predictions.    (Time  re- 


iirements  for  the  owner  and 


are  not  included  in  the 


man-hour  estimates  of  the  rightmost  two  columns. )  When  bur- 
dens such  as  these  are  placed  on  the  construction  industry,  costs 
may  rise.  Thus  present  estimates  of  cost  may  be  understated. 

ification  and  liquefaction  or  oil  shale  processing  plants 
are  to  be  constructed  as  well,  the  pressure  on  particular 
segments  of  the  construction  industry  will  be  tremen- 
dous. Prices  of  inputs  to  this  industry  are  likely  to  be 
forced  upward,  raising  the  costs  of  all  these  facilities. 
Bottlenecks  will  develop  (they  already  exist  in  some 
areas),  causing  construction  delays  and  disruption  of 
orderly  planning.  Moreover,  the  cost  estimates  for  new 
facilities  quoted  in  Tables  7.1  and  7.2  are  based  on  the 
assumption  that  construction  can  be  scaled  up  without 
difficulty.  To  the  extent  that  this  assumption  is  incor- 
rect, costs  are  understated.  Unfortunately,  the  capacity 
of  the  construction  industry  to  expand  is  not  well  un- 
derstood at  present. 

To  give  an  impression  of  the  magnitude  of  the  con- 
struction task,  Table  7.3  draws  together  some  rough 
figures  on  the  construction  of  certain  electric-power  and 
fuels-processing  facilities.  The  figures  for  electric  power 
plants  and  oil  refineries  are  based  on  current  experience 
and  represent  typical  values.  Figures  for  oil  shale,  coal 
gasification,  and  coal  liquefaction  are  estimates  by 
knowledgeable  industry  representatives  which,  because 
no  large-scale  units  ha\e  been  built,  must  be  considered 
as  very  rough — perhaps  off  by  30  per  cent  in  either  di- 
rection. Nonetheless,  the  magnitude  of  the  problems  of 
design  and  construction  are  plain. 

There  are  relatively  few  firms  involved  in  the  con- 
struction of  plants  like  those  listed  in  Table  7.3.  As 
these  firms  attempt  to  scale  up  to  meet  requirements  for 
larger  volume,  problems  are  likely  to  develop  in  three 
areas:  manpower,  materials,  and  machinery. 

n  Manpower  Constraints.  As  an  example  of  the  pres- 
sures already  existing  and  increasing.  Stone  &  Webster 
Engineering  Corp.  this  year  will  manage  18  million 
manual  man-hours  on  the  construction  of  electric  power 
plants.  This  number  will  have  to  triple  to  60  milhon 
man-hours  in  1979  for  work  already  under  contract  or  in 
negotiation.  In  its  offices,  Stone  &  Webster  now  employs 
about  1,800  engineer-draftsmen.  This  staff  must  also 
triple  by  1979.  The  same  situation,  more  or  less,  holds 
for    Stone    &    Webster's    competitors.    According    to 
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Stephen  D.  Bechtel,  chairman  of  the  Bechtel  com- 
panies: "Our  in-house  studies  show  that  the  growth  in 
skilled  craftsmen  and  the  supply  of  engineers  are  not 
keeping  up  with  demand."  Bechtel,  which  is  the  largest 
designer  and  constructor  of  electric  power  plants  in  the 
U.S.,  must  grow  from  20,000  .salaried  employees  today 
to  50,000  by  1980. 

Insofar  as  engineer-designer  manpower  is  concerned, 
it  does  not  appear  that  transfer  from  aerospace  or  other 
industries  to  plant  design  is  possible  for  more  than  a 
very  small  fraction  of  the  specialists  required.  Even 
transfer  between  power  plant  design  and  petroleum 
plant  design  is  difficult.  Experience  appears  to  be  cru- 
cial to  productivity  in  process  design  and  development. 

One  solution  to  the  technical  manpower  problem  is 
"standardization."  The  vast  majority  of  plants  being  de- 
signed today  are  one  of  a  kind,  but  standardization  may 
well  increase  in  coming  years.  Yet  it  is  naive  to  think 
that  the  problem  will  be  solved  in  this  way.  This  is  par- 
ticularly true  for  unproven  technology,  where  processes 
and  safety  requirements  change  continuously,  and 
where  entrepreneurial  risks  are  high. 

The  most  critical  trades  in  plant  construction  are 
those  that  work  with  steel — pipe  fitters,  boilermakers, 
ironworkers,  and  so  on — and  electrical  installations. 
One  of  the  most  serious  bottlenecks  appears  to  be  pipe- 
fitters. On  a  40,000  barrel  per  day  syncrude  plant,  the 
contractor  will  need  about  500  pipefitters  at  the  peak.  A 
coincidence  of  ten  such  plants  under  construction  could 
require  5,000  pipefitters.  With  existing  union  con- 
straints, a  problem  exists.  To  get  large  numbers  ol  such 
workers  into  Montana  and  Wyoming  presents  further 
difficulties. 

D  Materials  Problems.  The  principal  material  used  in 
chemical  plants  is  steel:  about  170,000  tons  go  into  the 
tanks,  piping,  heat  exchangers,  and  so  forth  in  a  t\pical 
200,000  barrel  per  day  oil  refinery.  (We  have  no  firm 
data  but  believe  that  copper — used  in  all  the  wiring 
and  electrical  equipment— is  the  next  most  critical  basic 
material. ) 

Even  today,  procurement  of  steel  is  a  bottleneck  in 
plant    projects.     For    example,    the    lead    time    for 


orders  for  steel  reinforcing  bars  is  greater  than  one 
)ear.  Steel  pipe  also  is  in  very  short  supply.  Certain 
sizes  are  not  available  at  all,  and  the  ordering  lead  time 
for  what  is  available  is  increasing  rapidly.  Some  firms 
are  now  designing  plants  that  use  available  pipe  sizes 
rather  than  optimizing  their  design. 

D  Vendor  Fabricated  Items.  In  power-plant  and  oil- 
refinery  design  and  construction,  many  major  items  are 
designed  and  fabricated  by  manufacturers.  Examples 
are  \alves,  compressors,  nuclear  steam  supply  systems, 
boilers,  fractionating  towers,  and  so  forth.  Under  cur- 
rent pressures,  many  vendors  are  already  working  at 
capacity.  To  increase  capacity,  they  must  expand  both 
their  fabricating  capacity  (shop  facilities  and  labor) 
and  their  engineering  capacity. 

Consider,  for  example,  fractionating  towers,  which 
might  be  60  to  &0  feet  tall  and  12  to  15  feet  in  diameter, 
and  which  have  a  complicated  internal  structure.  Coal 
licjuefaction  plants  having  a  total  capacity  of  one  mil- 
lion barrels  per  day  might  require  20  or  30  such  towers. 
.\t  the  present  time  only  about  a  half-dozen  vendors 
make  them,  and  each  tower  might  require  six  to  seven 
months  of  shop  time.  .\  requirement  to  produce  .30 
towers  in  a  short  period  of  time  would  necessitate 
large  capital  expenditures  in  increased  shop  capacity. 

No  matter  what  evolves  as  government  policy,  the 
subsector  of  the  construction  industry  dealing  with 
plant  design,  procurement,  and  construction  will  be 
operating  under  severe  stress  during  the  next  decade. 
We  have  focused  here  on  power  plant  and  chemical 
plant  construction.  Similar  problems  may  arise  in  coal 
mining,  coal  transport,  and  offshore  oil  drilling.  Pres- 
sure for  significant  increases  in  output  will  cause  critical 
problems  concerning  input  factors  such  as  process 
engineers,  design  engineers,  draftsmen,  alloy  steel, 
foundries,  engineered  equipment,  pipefitters,  electri- 
cians, and  managers.  No  analysis  is  available  to  show 
what  this  pressure  will  do  to  the  costs  of  major  energy- 
producing  facilities,  but  there  seems  little  doubt  that 
the  more  intense  the  push  for  domestic  fuels,  the  more 
likelv  it  is  that  estimates  made  in  1973  will  understate 
the  actual  costs. 


Eight:  The  U.S.  and  the 
World  Oil  Market 


The  price  of  imported  oil  is  an  important  factor  in  the 
analysis  of  U.S.  energy  policy.  The  world  price  deter- 
mines the  resource  cost  of  oil  from  abroad,  and  one  of 
the  goals  of  independence  is  to  avoid  a  large  economic 
drain  for  energ\'  imports.  Moreover,  the  world  price 
is  an  important   determinant   of   domestic   price,   and 


thus  of  the  mcentnes  to  domestic  demand  and  supply. 
The  world  oil  price  is  not  determined  by  the  inter- 
play of  demand  and  cost  but  b>  a  combination  of 
economic  factors  and  the  political  actions  of  producer 
governments.  In  such  a  circumstance,  the  forecaster's 
lot  is  not  a  happy  one,  and  the  choice  of  a  pohcy  to  con- 
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Table  8.1:  World  Oil  Production  ud 
Proved  Reserves  in  1973.  The  Middle 
East  is  shown  to  produce  over  a  third  of 
the  world's  oil,  and  have  close  to  two- 
thirds  of  the  world's  proved  reserves.  On 
the  bottom  two  lines  of  the  table,  Bgures 
are  given  for  the  Organization  of  Petro- 
leum Exporting  Countries  and  its  Arab 
subset.  The  source  of  the  data  is  the 
Inlernational  Economic  Report  of  the 
President,  January,  1973. 


trol  imports  requires  careful  study.  We  will  begin  with 
a  brief  analysis  of  the  world  oil  price  and  some  of  the 
forces  that  influence  its  movement  over  time.  We  then 
tum  to  a  discussion  of  the  possible  use  of  tariffs  and 
quotas  to  buffer  the  U.S.  economy  from  the  vagaries 
of  this  market.  Finally,  we  look  at  measures,  such  as 
stockpiling,  that  can  help  soften  the  impact  of  any 
future  interruption  of  the  flow  of  oil  imports  to  the 
United  States. 

The  Future  of  World  Oil  Prices 

Oil  is  the  largest  single  item  in  international  trade,  and 
the  markets  in  which  this  commerce  takes  place  are 
diverse  and  complicated.  The  principal  producing  areas 
are  detailed  in  Table  8.1,  which  shows  that  the  Western 
Hemisphere  now  produces  about  one-quarter  of 
the  world's  crude  oil.  The  Persian  Gulf  currently  pro- 
duces about  38  per  cent,  and  this  percentage  is  grow- 
ing, since  the  Gulf  countries  contain  over  60  per  cent 
of  the  world's  proved  reserves  of  crude  oil.  The  princi- 
pal net  importers  of  oil  are  the  United  States,  Japan, 
and  the  countries  of  Western  Europe.  These  and  other 
consuming  nations  face  producer  governments  that 
are  organized  into  two  cartel-like  organizations:  the 
Organization  of  Petroleum  Exporting  Countries 
(OPEC.),  which  contains  all  the  major  exporters,  and 
the  Organization  of  .-Vrah  Petroleum  Exporting  Coun- 
tries (O.A.P.E.C. ),  which  contains  the  .\rab  subset  of 
O.F.E.C'  At  present,  the  price  of  oil  on  the  world 

'  The  memben  of  O  P  E.G.  are  Algeria,  Ecuador,  Indonesia 
Iran.  Iraq,  Kuwait,  Libya,  Nigeria,  Qatar,  Saudi  Arabia.  United 
Armb  Emir«tes,  and  Venezuela.  The  members  of  O  A. P. E.G.  are 


market  is  determined  by  the  monopolistic  behavior  of 
these  exporters. 

The  pricing  arrangements  for  world  oil  have  evolved 
over  the  vears  into  a  very  complex  system.  For  the 
purposes  of  this  discussion,  however,  they  were  drasti- 
cally simplified  in  December,  1973,  when  the  Persian 
Guli  nations  declared  a  tax  of  $7.00  per  barrel  on  "own 
oil" — oil  produced  by  international  companies  under 
various  concession  agreements.  (This  figure  is  for  a 
particular  type  of  crude  oil.  Prices  of  other  crudes  are 
adjusted  for  quality  differentials. )  The  cost  of  produc- 
tion in  the  Persian  Gulf  is  about  10c  to  20<  per  barrel, 
and  the  cost  of  transport  to  the  U.S.  and  estimated  oil- 
company  profits  total  about  S2.00  per  barrel.  Thus  the 
price  of  a  company's  "own  oil"  from  the  Persian  Gulf, 
delivered  to  the  U!S.,  was  a  little  over  S9.00  per  barrel 
as  of  March  1.5,  1974.  Other  exporting  countries  (which 
may  have  production  costs  higher  than  lOi  per  barrel, 
but  lower  transport  costs  I  adjust  their  taxes  per  barrel 
to  follow  the  lead  of  Persian  Gulf  exporters. 

In  addition  to  the  companies'  "own  oil"  from  con- 
cessions, there  is  the  so-called  "buy-back"  oil  which 
the  producing  nations  own,  and  which  they  sell  to  the 
oil  companies.  Some  producing  nations  are  attempting 
to  collect  even  higher  prices  for  this  part  of  their  out- 
put, and  as  a  result  oil  prices  have  been  extremely  un- 
certain during  the  first  half  of  1974,  particularly  in  the 
Persian  Gulf.  Oil  companies  know  what  tax  they  pay 
on  "their  own"  oil,  and  governments  inform  them  what 


Algeria,    Bahrain,    Egypt,    Iraq,    Kuwait,    Libya,    Qatar,    Saudi 
Arabia,  and  United  Arab  Emirates. 
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they  must  pay  for  "buy-back"  oil,  but  the  proportions 
of  the  two  are  not  yet  known.  At  the  start  of  the  year, 
"own"  oil  was  about  75  per  cent  ot  production  in  the 
Persian  Gulf;  it  will  probably  turn  out  to  be  no  more 
than  50  per  cent  and  could  drop  to  zero  before  the 
year  is  out.  Since  the  settlement  of  this  issue  is  likely 
to  be  retroactive,  it  is  literally  true  that  companies  have 
been  selling  oil  whose  cost  to  them  is  unknown.  In 
March,  companies  began  transferring  oil  to  their  sub- 
sidiaries at  a  price  of  about  $9.50  per  barrel,  which  no 
doubt  includes  some  allowance  for  contingencies,  and 
which  probably  is  a  level  from  which  the  companies 
expect  to  retreat. 

Our  assumption  at  other  points  in  this  study  has 
been  that  the  average  payment  will  converge  in  the 
short  run  on  a  figure  close  to  $7.00  per  barrel.  That 
is,  the  Persian  Gulf  nations  will  be  unable,  as  a  group, 
to  agree  on  any  higher  price  level;  their  interests 
diverge  on  this  issue,  and  Saudi  Arabia  has  pub- 
licly opposed  any  further  increases.  Under  this  as- 
sumption, the  price  of  Persian  Gulf  oil  delivered  to 
the  United  States  would  remain  near  $9.00  per  barrel. 
Obviously,  such  a  prediction  of  Persian  Gulf  oil  prices 
for  the  near  future  is  no  more  than  our  attempt  to 
foresee  whatever  order  may  emerge  from  the  current 
confusion. 

Looking  farther  into  the  future,  the  uncertainty  in- 
evitably increases.  Naturally,  the  ability  of  producers 
to  sustain  the  price  at  a  level  many  times  greater  than 
cost  depends  on  their  ability  to  keep  production  from 
outstripping  demand  at  that  price — but  at  this  point 
alternative  visions  of  the  future  begin  to  diverge 
widely.  Depending  on  one's  opinion  about  the  ability 
of  the  cartel  (or  key  members  of  the  cartel)  to  restrain 
production,  one  can  make  very  different  estimates  of 
the  future  price  of  oil.  If  producing  nations  can 
perform  as  a  classical  cartel  and  effectively  control 
production,  they  can  sustain  any  price  they  desire  (sub- 
ject in  the  long  run  to  the  possible  development  of 
substitutes  for  crude  oil).  Or,  if  one  country  has  a 
sufficiently  large  share  of  the  market,  and  is  willing 
to  absorb  all  the  reauired  reductions  in  output  (as 
some  argue  that  Saudi  Arabi"  is),  then  not  even  the 
cartel  is  needed — one  producer  alone  can  sustain  the 
market  price  above  the  competitive  level. 

Analysis  of  such  a  situation  is  difficult,  for  the  es- 
sence of  a  cartel  is  its  unpredictability  under  strain. 
Nonetheless,  even  on  very  conservative  assumptions 
it  can  be  predicted  that  the  level  of  strain  could  be- 
come very  great  between  now  and  1980.  The  price  in 
the  Persian  Gulf  has  increased  nearly  eight-fold  since 
1970,  from  $1.25  per  barrel  to  the  current  and  uncer- 
tain $9.50.  (It  is  important  to  look  back  three  or  four 
years  in  considering  price  increases  because  of  lags  in 
response.)  Even  if  the  $9  50  price  falls  toward  $7.00 
per  barrel,  there  remains  a  five-  to  six-fold  increase, 
to  which  producers  may  respond  by  increasing  pro- 
duction. (Taking  into  account  the  much  smaller  rise 
in  transport  costs,  the  price  increase  at  the  oil's  desti- 
nations is  roughly  four-fold. ) 

The  average  growth  rate  in  world  petroleum  de- 
imand  from  1962  to  1973  was  7.5  per  cent  per  year. 
|If  this  pace  of  growth  were  to  continue  through  the 
nineteen-seventies,  world  oil  demand  would  increase 
from  55.7  million  barrels  per  day  in  1973  to  92.5  million 
[barrels  in  1980.  But  this  neglects  the  effect  of  the  recent 
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Table  8.2:  An  Estimate  of  the  World's  Oil  Productive  Capacity 
in  1980.  The  figures  rely  on  judgments  of  the  price  elasbcities 
of  supply — in  other  words,  of  how  much  individual  nabons  wiU 
increase  their  production  because  of  an  increase  in  oil  prices. 
The  overall  forecast  is  for  world  productive  capacity  in  1980 
that  will  be  17  per  cent  greater  than  demand. 


four-fold  increase  in  prices.  On  the  conservative  as- 
sumption that  the  price  elasticity  of  demand  is  —0.15, 
this  price  increase  would  reduce  1980  demand  by 
about  19  per  cent,  to  74.9  million  barrels  per  day.  (If 
anything,  such  a  prediction  overestimates  the  demand 
likely  in  1980,  since  studies  of  petroleum  demand  in- 
dicate long-run  elasticities  in  the  range  of  —0.2  to  —0.4 
Moreover,  in  the  current  situation,  strong  and  often 
drastic  demand-reduction  measures  are  planned  by 
governments  throughout  the  developed  and  under- 
developed world — thus  adding  to  the  normal  price 
responses  of  industries  and  households. ) 

A  rough  approximation  of  what  could  happen  to 
supply  is  shown  in  Table  8.2.  The  potential  U.S.  sup- 
ply is  taken  from  Table  2.1.  Other  non-O.P.E.C.  coun- 
tries are  assumed  to  have  a  supply  elasticity  of  0.35, 
which  is  far  below  the  implied  coefficient  for  the  U.S. 
despite  this  country's  status  as  a  special  and  unfavor- 
able example  of  increasingly  depletion-restricted  out- 
put. For  the  North  Sea,  the  estimate  is  that  of  an  oil 
company  working  in  the  area. 

O.P.E.C.  producers  do  not  appear  to  be  all  alike 
in  their  plans  and  desires  for  increasing  oil  output. 
For  purposes  of  this  simple  exercise,  we  divide 
O.P.E.C.  into  two  rough  subgroups:  those  countries 
which  can  be  expected  to  increase  output  as  rapidly 
as  possible — denoted  "expansionist"  in  "Table  8  2--and 
those  which  will  not  increase  production  nearly  so 
rapidly  as  they  are  able  to — denoted  as  "conserva- 
tive." Insofar  as  possible,  the  estimates  of  output  in 
1980  reflect  each  country's  announced  production 
plans.  For  the  "expansionist"  group,  the  implied  price 
elasticity,  for  a  five-fold  price  increase,  is  only  0.24. 
Outside  Saudi  Arabia,  anticipated  production  expan- 
sion by  the  "conservative"  group  is  almost  nil. 

Totalling   these   rough   estimates,   world   productive 
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capacity  in  1980  is  forecast  to  be  87.4  million  barrels 
per  day,  which  is  12.5  million  barrels  greater  than  the 
forecast  demand— an  excess  of  17  per  cent.  This  ex- 
cess IS  approximately  29  per  cent  of  potential  O.P.E.C. 
production.  Furthermore,  the  predicted  supplies  of 
44.6  million  barrels  per  day  from  non-O.P.E.C.  coun- 
tries and  17.9  million  from  "expansionist"  O.P.E.C. 
countries  leave  a  market  of  only  12.4  million  barrels 
per  day  to  be  supplied  by  the  "conservative"  O.P.E.C. 
group — a  quantity  which  is  actually  less  than  their 
1973  sales  of  18.6  million  barrels  per  day.  In  fact,  under 
these  assumptions,  the  "conservative"  group  could  just 
about  meet  demands  for  its  production  if  all  but  Saudi 
Arabia  held  production  at  1973  levels,  and  Saudi 
Arabia  ceased  production  altogether. 

To  make  this  calculation,  we  have  assumed  that 
non-O.P.E.C.  oil  will  be  preferred  to  O.P.E.C.  oil  in 
most  non-O.P.E.C.  countries,  so  the  demand  for 
O.P.E.C.  oil  could  be  thought  of  as  the  difference 
between  the  total  world  demand  and  the  non-O.P.E.C. 
supplies.  If  this  and  the  other  assumptions  that  lie 
behind  the  calculation  are  plausible,  then  the  stability 
of  the  current  price  is  questionable  so  long  as  Saudi 
Arabia  must  b^  depended  upon  to  exercise  all  pro- 
duction restraint.  In  such  a  situation,  Saudi  Arabi  may 
well  see  a  somewhat  lower  price  as  being  in  its  own 
interest.  On  the  other  hand,  it  is  possible  that  the 
cartel  could  enforce  production  restraint  on  all  or  a 
significant  number  of  its  members.  Certainly  it  is  in 
the  interest  of  all  the  producers  to  do  so,  but  the 
history  of  commodity  cartels  does  not  give  grounds 
for  confidence  that  O.P.E.C.  will  be  successful.  Evi- 
dence from  the  recent  oil  boycott  is  instructive  in  this 
regard.  Even  under  the  extreme  conditions  of  the  Mid- 
east war,  some  Arab  producers  appear  to  have  oper- 
ated their  fields  to  maximize  their  own  economic  in- 
terest (which  naturally  involved  selling  oil  at  the  newly 
raised  price).  Only  Saudi  Arabia,  Kuwait,  and  Abu 
Dhabi  appear  to  have  exercised  significant  production 
restraint. 

The  primary  conclusion  to  be  reached  from  our 
thought-experiment  is  that  the  range  of  conceivable 
values  for  the  world  oil  price  over  the  next  decade 
is  very  large.  The  price  could  rise  above  the  current 
level  (in  1973  dollars)  through  the  efforts  of  the 
dominant  exporters.  On  the  other  hand,  the  price  could 
fall,  due  to  the  Persian  Gulf  countries'  perceptiops  of 
their  own  long-run  interest,  or  to  a  sucession  of  price 
shadings  and  a  failure  of  understanding,  powerfully 
aided  by  attempts  of  buyers  to  obtain  long-run  con- 
trarts  at  lower  prices.  Rough  calculations  and  study 
of  recent  data  indicate  that  the  price  is  more  likely  to 
fail  than  rise  over  the  next  few  years,  but  the  hard 
fact  is  that  U.S.  policy  will  have  to  be  set  in  the  face 
of  inescapable  uncertainty  about  this  key   parameter. 

The  U.S.  can,  of  course,  implement  policies  to  buffer 
its  economy  from  the  world  market.  It  is  to  these  op- 
tions that  we  DOW  turn. 

Tariffs  and  Quotas  as  Instruments  of  Oil  Policy 

For  any  tariff,  there  is  a  theoretically  equivalent  quota. 
In  other  words,  if  one  knows  the  supply  and  demand 
responses  to  price  changes,  one  can  predict  the  level 
of  imports  under  a  certain  tariff,  and  simply  allow  that 
<)uota  to  enter  the  country.  Even  the  revenue-creating 
effect  of  a  tariff  can  be  duplicated  by  auctioning  off  the 


licenses  available  under  a  quota,  thereby  transferring 
to  the  U.S.  Treasury  the  same  funds  which  would  be 
collected  under  a  tariff.  For  oil,  however,  we  lack  the 
information  about  supply  and  demand  which  is  neces- 
sary to  assure  the  equivalency  of  particular  quotas 
and  tariffs.  This  lack,  of  course,  is  particularlv  acute 
with  respect  to  world  oil  prices,  since  the  overwnelming 
portion  of  that  price  consists  of  producer-country  taxes 
which  could  be  compressed  without  making  oil  un- 
profitable to  sell. 

Under  these  circumstances,  tariffs  and  quotas  thought 
to  be  the  same  wiU  have  divergent  results,  depending 
upon  future  movements  in  supply  and  demand.  For 
instance,  if  world  prices  decline  unexpectedly,  a  tariff 
will  result  in  an  unanticipated  increase  in  the  per- 
centage of  the  domestic  market  supplied  by  foreign 
oil,  whereas  a  quota  will  lead  to  an  increase  in  the 
value  of  an  import  license  but  will  leave  the  level  of 
domestic  production  unaffected.  Conversely,  the  failure 
of  domestic  supply  to  expand  as  expected  will  lead 
under  a  tariff  to  an  increase  in  imports,  but  under  a 
quota  will  cause  an  unanticipated  price  increase  for 
domestic  oil. 

Under  either  a  tariff  or  a  quota,  it  is  possible  to  make 
periodic  adjustments  as  information  becomes  avail- 
able. Indeed,  except  by  pure  luck,  some  adjustments 
will  inevitably  be  required.  But  the  nature  of  the  ad- 
justments will  differ  under  a  quota  and  a  tariff,  and 
the  political  and  institutional  constraints  on  adjust- 
ment-making will  consequently  be  different. 

D  Tariffs.  The  major  advantage  of  a  tariff  over  a 
quota  is  the  maintenance  of  competitive  pressure  from 
the  world  market  on  domestic  prices.  When  world 
supply  is  elastic,  any  attempt  to  increase  domestic 
prices  is  limited  by  the  potential  loss  of  markets  to 
foreign  production,  and  foreign  competition  remains 
a  spur  for  domestic  efficiency. 

A  simple  tariff,  however,  cannot  limit  the  country's 
exposure  to  imports  with  assurance.  As  we  have  noted, 
if  world  prices  drop,  imports  will  be  greater  than  ex- 
pected and  domestic  production  will  decrease.  This 
particular  difficulty  can  be  avoided  through  some  sort 
of  variable  tariff,  which  could  be  set  at  the  difference 
between  some  targeted  domestic  price  and  a  base 
foreign  price — for  example,  the  average  tax-paid  cost 
of  crude  oil  at  the  Persian  Gulf,  adjusted  by  a  standard 
transportation  cost.  But  this  converts  the  tariff  from  a 
device  that  puts  a  price  ceiling  on  domestic  production 
to  a  device  that  sets  a  price  floor.  Doing  so  removes  the 
competitive  pressure  of  imports  and  thus  neutrahzes 
the  major  advantage  of  the  tariff. 

From  a  security  point  of  view  a  variable  tariff  is 
also  weak,  for  two  additional  reasons.  First,  it  still 
does  not  protect  the  country  from  an  undue  penetra- 
tion of  imports  if  either  the  domestic  supply  or  de- 
mand curve  is  mis-estimated.  (This  problem  can  be 
avoided  by  raising  the  tariff  to  achieve  a  targeted  im- 
port level,  but  this  makes  it  a  disguised  quota. )  Sec- 
ondly, adjustment  as  information  becomes  available 
may  prove  politically  difficult:  downward  adjustment 
will  cause  protests  by  oil  producers,  and  upward  ad- 
justments will  cause  protests  by  consumers.  As  a  re- 
sult, changes  are  likely  to  be  delayed,  and  inertia  may 
prevent  any  change  at  all.  Political  resistance  might  be 
avoided  if  the  tariff  were  levied  as  a  formula  (like  the 
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one  mentioned  in  the  last  paragraph)  rather  than  a 
dollar  figure,  and  recalculated  regularly,  A  formula, 
however,  could  not  take  care  of  errors  in  the  estima- 
tion of  domestic  production  and  demand  unless  it  was 
expressed  in  terms  of  import  volumes,  in  which  case 
the  tariff  again  becomes  a  quota. 

A  variable  tariff  which  establishes  a  floor  for  domestic 
prices  might  have  an  advantage  over  a  quota,  to  the 
extent  that  is  gives  domestic  producers  a  clearer  guide 
to  the  future  course  of  domestic  prices,  and  thus  gives 
them  greater  certaintv'  in  evaluating  their  investment 
prospects.  A  ouota  that  is  apparently  equivalent  to  a 
particular  tariff  in  its  protective  effect  may  not  result 
in  the  same  level  of  investment,  if  firms  are  risk- 
adverse. 

D  Quotas.  The  major  advantage  of  a  quota  is  its 
ability  to  limit  directly  the  country's  exposure  to  for- 
eign oil.  An  oil  import  quota  was  in  effect  in  the  U.S. 
from  1959  until  the  early  nineteen-seventies,  but  it  was 
defective  for  a  number  of  reasons.  First,  the  quotas 
were  imposed  in  a  time  when  domestic  production 
was  heavily  influenced  by  the  "market  demand  prora- 
tionine"  practiced  by  major  oil-producing  states — most 
notabK'  Texas,  through  the  regulatory  actions  of  the 
Texas  Railroad  Commission.  Under  prorationing,  these 
states  were  able  to  fix  the  total  output  by  assigning  a 
production  quota  to  every  well  within  their  borders. 
Thus,  in  effect,  control  of  U.S.  oil  prices  passed  to  the 
Texas  Commission,  which  attempted  to  manage  output 
in  order  to  maintain  prices.  This  created  substantial 
excess  capacity  and  inefficiencies  in  domestic  produc- 
tion. Secondly,  the  import  licenses  were  distributed 
to  refineries  in  a  fashion  that  provided  limited  benefit 
to  consumers  and  no  revenue  to  the  Treasury.  Finally, 
the  quotas  were  subject  to  a  large  number  of  excep- 
tions unrelated  to  security  objectives. 

It  is  possible  to  have  a  pure  quota  which  is  not  sub- 
ject to  these  defects.  Under  such  a  quota,  import  rights 
would  be  auctioned  off  to  buyers  periodically,  the 
revenues  from  the  auction  accruing  to  the  Treasury. 
Anyone  could  buy  licenses,  and  they  could  be  resold. 
Since  various  middlemen  could  be  involved  in  these 
transactions,  it  might  be  possible  for  the  true  identity  of 
any  buver  to  be  kept  secret,  in  case  he  wished  to  evade 
an  agreement  not  to  bid.  Both  long-term  and  short-term 
quotas  could  be  sold;  the  former  would  allow  importers 
to  make  investment  decisions  with  assured  access  to  the 
U.S.  market,  and  the  latter  would  take  care  of  the  needs 
of  the  spot  market. 

One  of  the  advantages  of  a  secret  competitive  auction 
of  import  hcenses  is  its  potential  for  capturing  some  of 
the  monopoly  rents  now  being  paid  to  the  exporting 
countries.  Bidders  for  import  rights  who  must  them- 
selves purchase  oil  will  bid  onlv  the  difference  between 
world  and  U.S.  prices.  Producer  governments,  on  the 
other  hand,  could  bid  more,  under  threat  of  losing  sales 
in  the  U.S.  market,  and  transfer  the  licenses  to  produc- 
ing companies.  The  true  cost  of  oil  to  most  exporting 
governments,  particularly  those  in  the  Persian  Gulf,  is 
near  nothing,  and  the  cost  to  national  oil  companies  is 
only  10<  to  $1.00  per  barrel.  Sales  in  the  United  States 
could  be  enormouslv  profitable,  and  thus  the  national 
companies  could  afford  to  bid  an  amount  for  import 
rights  that  is  greater  than  the  spread  between  world 
and  domestic  prices. 


The  described  bidding  procedure  has  more  general 
advantages.  If  offers  the  prospect  of  capturing  more 
rents  for  the  Treasury  than  would  a  tariff  (which  of 
necessity  would  be  set  at  the  difference  between  the 
world  and  domestic  prices).  It  also  encourages  compe- 
tition among  O.P.E.C.  members,  and  anv  competition 
could  put  stress  on  the  cartel  and  in  the  long  run  lead 
to  an  erosion  of  prices.  Even  if  competition  for  the 
U.S.  market  does  not  emerge,  the  quota  would  pro- 
duce the  same  revenue  as  a  tariff. 

One  problem  with  a  quota  has  been  the  difficulty 
of  enforcing  it  when  there  is  upward  pressure  on 
domestic  prices.  Conversely,  there  may  De  pressure 
to  tighten  the  quota  if  domestic  prices  begin  to  fall. 
From  1971  to  1973,  at  least,  the  U.S.  government  found 
it  easier  to  relax  the  quota  than  to  meet  the  political 
pressures  caused  by  a  price  increase.  This  may  have 
been  due  to  the  historical  use  of  the  quota  to  protect 
producers,  and  to  the  presence  in  the  early  part  of 
this  period  of  excess  capacity  created  by  market  de- 
mand prorationing,  which  made  the  necessity  of  a  price 
increase  look  suspect.  The  recent  crisis  may  make  con- 
sumers more  tolerant  of  price  increases  if  they  are 
necessary  to  limit  imports.  Nevertheless,  this  historical 
weakness  should  be  noted. 

D  Security  Penalties.  Even  with  a  quota,  it  is  possible 
to  favor  production  from  certain  countries.  Particularly 
secure  sources  of  supply,  such  as  Canada,  could  be 
exempted  entirelv,  but  doing  so  would  allow  either 
the  Canadian  government  (through  an  export  tax) 
or  Canadian  producers  (through  increased  prices)  to 
capture  all  of  the  difference  between  U.S.  and  world 
prices.  There  is  no  apparent  need  for  the  United  States 
to  be  so  generous.  Even  when  U.S.  and  world  prices  are 
equal,  Canadian  oil  can  earn  more  in  the  United  States 
than  abroad  because  of  the  cost  of  transport. 

Imports  from  sources  deemed  insecure  could  be 
charged  a  securitv  fee.  In  the  short-run,  when  all  supply 
sources  are  fixed,  the  fee  could  be  avoided  through 
exchanges  among  importers,  substituting  oil  from  'se- 
cure sources"  for  oil  from  "insecure  sources  "  Such  ex- 
changes would  not  affect  world  output  or  the  incomes 
of  particular  countries.  But  in  the  longer  run.  the  bur- 
den of  the  fee  would  fall  upon  the  producing  country  if 
competition  for  the  U.S.  market  by  national  companies 
develops,  or  if  there  is  insufficient  oil  from  secure 
sources  to  satisfy  the  quota.  In  light  of  the  large  rents 
currently  incorporated  in  world  oil  prices,  an  insecure 
country  could  still  find  it  profitable  to  bid  for  access 
to  the  U.S.  market,  but  to  do  so  the  country  would  be 
forced  to  share  an  even  larger  part  of  the  rent  with 
the  U.S.  Treasury. 

If  the  fee  were  emulated  by  other  consuming  coun- 
tries, its  impact  would  be  greater.  In  that  case,  even 
if  there  were  no  competition  among  producing  coun- 
tries for  incremental  sales,  oil  from  countries  deemed 
insecure  would  suffer  a  disad\  antage  if  importing  coun- 
tries not  imposing  the  fee  were  inadequate  to  absorb 
the  desired  level  of  production  by  insecure  sources. 
.\s  long  as  the  supply  of  oil  from  countries  considered 
secure  was  elastic,  the  burden  of  the  fee  would  fall 
upon  the  producing  country.  The  same  effect  could  be 
achieved  under  a  tariff  system  by  setting  different 
tariff  levels  for  oil  from  secure  and  insecur-;  sources. 
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Petroleum  Stockpiles 

Whatever  policies  are  followed,  the  United  States  will 
be  importing  petroleum  from  potentially  insecure 
sources  for  the  remainder  of  the  decrde,  and  there  is  a 
good  chance  that  such  imports  will  continue  for  many 
years  beyond  that.  Several  measures  could  be  taken  to 
increase  the  flexibility  of  the  country  to  deal  with  dis- 
ruption of  supply  from  the  international  market.  They 
include  emergency  preparedness  for  curtailing  con- 
sumption of  petroleum  products,  measures  to  increase 
our  capacity  to  convert  from  petroleum  to  other  fuek 
during  a  disruption,  provision  for  emergency  increases 
in  petroleum  production  from  domestic  reserves,  and 
stockpiling  of  emergency  supplies.  All  these  precau- 
tionary actions  deserve  careful  study.  Their  potential 
importance  as  elements  of  the  U.S.  relation  to  the 
world  oil  market  can  be  seen  in  a  very  brief  assessment 
of  one  of  these  measures — stockpiles. 

The  U.S.  alone  among  major  industrial  nations  has 
no  provision  for  stockpiling  crude  oil  beyond  normal 
inventories.  { It  does  maintain  strategic  stockpiles  of 
many  other  natural  resources,  especially  metals. )  Our 
analysis  suggests  that  stockpiling  could  be  an  important 
component  of  o-erall  U.S.  policy  for  ensuring  a  steady 
supply  of  energy.  It  would  permit  the  U.S.  to  take 
advantage  of  a  lower  world  price  of  oil  without  the 
costs  and  risks  of  relying  on  the  timely  arrival  of  im- 
ports. 

The  size  of  the  stockpile  depends  on  the  magnitude 
of  the  expected  interruptions  and  on  the  volume  ol 
imports  permitted.  For  the  sake  of  discussion,  we 
will  outline  a  "low"  stockpile  program  that  would  per- 
mit a  level  of  dependence  of  15  to  20  per  cent  on  im- 
ports and  complement  other  policies  for  achieving  in- 
dependence, and  a  "high"  stockpile  program  that  would 
permit  unrestricted  importation  and  would  be  the 
sole  federal  policy  for  independence.  In  both  cases,  we 
measure  the  costs  of  the  programs  at  current  prices 
and  current  levels  of  energy  consumption.  Future  costs 
would  rise  in  proportion  to  changes  in  these  two  num- 
bers. 

D  The  Low  Stockpile.  Here  we  assume  that  some  form 
of  tariffs  and  import  quotas,  coupled  with  a  stimulus 
to  domestic  production,  serve  to  reduce  U.S.  imports 
to  about  4  million  barrels  per  day,  and  that  half  of  this 
comes  from  insecure  sources.  We  further  assume  that 
replacement  of  insecure  sources  may  take  approxi- 
mately one  year.  Under  these  conditions,  the  stock- 
pile should  be  about  730  million  barrels.  EsHmated 
ccftts  per  barrel  of  above-ground  storage  facilities  range 
between  S3.00  and  .$5.00;  costs  for  storage  in  under- 
ground cavities,  such  as  salt  domes,  are  about  SI.OO  per 
barrel.  Some  mix  of  these  two  types  of  facilities  could 
be  used  in  any  large-scale  stockpile  program,  and  there- 
fore the  overall  average  construction  cost  for  storage 


facilities  should  be  approximately  $3.00  per  barrel.  We 
further  assume  an  annual  operating  cost  of  lOi  per  bar- 
rel, and  that  the  oil  itself  would  cost  $8.00  per  barrel. 
Taking  interest  and  depreciation  of  the  facilities  as  15 
per  cent  per  year,  and  interest  on  the  oil  as  ten  per  cent 
per  \ear,  we  find  a  total  carrying  cost  of  $1.35  per  bar- 
rel per  year.  The  annual  cost  of  the  low  stockpile  would 
therefore  be  $990  milHon. 

European  countries  administer  stockpiles  by  re- 
quiring oil  companies  to  maintain  them  as  a  condition 
for  the  right  to  sell  petroleum  products.  If  this  ap- 
proach were  adopted  in  the  U.S.,  costs  of  oil  companies 
would  rise  by  about  26c  per  barrel  of  products  sold,  or 
about  two-thirds  of  a  cent  per  gallon.  Alternatively,  the 
storage  requirement  might  be  imposed  on  the  im- 
porters of  oil,  in  which  case  their  costs,  and  prices, 
would  rise  by  about  1.6c  per  gallon. 

The  low  stockpile  would  require  the  construction  of 
facilities  costing  $2.2  billion,  phased  over  a  few 
years.  The  construction  methods  required  are  con- 
ventional and  should  place  little  strain  on  the  con- 
struction  industry. 

n  The  High  Stockpile.  Here  we  assume  imports  of  4 
million  barrels  per  day  from  insecure  sources,  and 
assume  further  that  three  years  would  be  required  to 
develop  alternative  sources  in  the  case  of  an  inter- 
ruption. The  high  stockpile  would  make  the  cost  of 
interruptions  like  the  recent  embargo  extremely  high 
to  the  producing  country,  since  it  would  forgo  all 
revenues  from  the  U.S.  for  three  years  before  the  inter- 
ruption imposed  any  penalty  on  this  country.  The  cost 
of  this  program  is  approximately  six  times  the  cost  of 
the  low  program,  or  $5.9  billion  per  year — perhaps 
somewhat  more,  because  of  the  strain  it  would  impose 
on  the  construction  industry.  Construction  of  the  facili- 
ties and  accumulation  of  oil  would  be  phased  over  a 
longer  period  than  for  the  low  program.  Costs  and 
prices  for  all  petroleum  products  in  the  U.S.  would  rise 
by  $1.56  per  barrel  on  the  a\erage,  or  3.7c  per  gallon. 

The  cost  of  the  high  stockpile  program  compares 
favorably  with  the  alternative  of  eliminating  depen- 
dence on  imports.  Under  the  high  stockpile  program 
(with  no  restriction  on  imports),  the  price  of  oil  would 
be  $8.56  if  the  world  price  were  $7.00,  whereas  the 
U.S.  price  under  import  prohibition  could  be  as  high  as 
$12.00.  Consumers  would  save  $3.44  per  barrel,  or 
about  8.5c  per  gallon.  Moreover,  U.S.  natural  resources 
would  be  conserved  for  later  use  when  cheap  foreign 
sources  may  be  exhausted. 

.Vlany  issues  remain  to  be  resolved  about  how  such 
an  emergency  stockpile  might  be  developed  and  man- 
aged, both  in  normal  times  and  in  an  emergency.  None- 
theless, the  costs  are  sufficiently  low,  in  relation  to  the 
likely  costs  of  complete  energy  self-sufficiency,  that  this 
possibility  deserves  careful  consideration. 
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Nine:  Policy  Conclusions 


Two  goals  underlie  the  emerging  set  of  Administration 
policies  that  have  been  termed  ""Project  Independence": 

a  Reducing  the  risk  and  the  cost  of  disruption  of  oil 
imports,  and  the  attendant  eflfects  on  foreign  policy  and 
the  domestic  economy. 

D  Freeing  the  U.S.  from  the  burden  of  high-priced  oil 
imports,  if  the  cost  of  imports  is  higher  than  the  cost  of 
increased  domestic  supplies. 

Much  discussion  of  Project  Independence  treats  these 
goab  as  if  they  were  one,  but  they  are  not  necessarily 
even  compatible.  For  example,  if  domestic  supplies  do 
not  increase  appreciably  when  the  price  rises,  or  if 
world  oil  prices  decrease,  then  self-sufficiency  could  be 
bought  only  at  the  cost  of  an  increase  in  prices  ot>er 
what  might  well  be  the  long-term  normal  price  of  im- 
ports. In  such  a  situation,  the  choice  of  pohcy  measures 
depends  on  the  relative  importance  attached  to  the  two 
goals  and  on  judgments  about  the  critical  uncertainties 
named  in  Section  1. 

In  many  areas,  very  difficult  choices  must  be  made  in 
tiie  face  of  these  uncertainties; 

a  The  way  we  normally  solve  domestic  shortages  is  to 
let  higher  prices  (perhaps  supported  by  tariffs  or  quo- 
tas) suppress  demand  and  bring  forth  increased  domes- 
tic supplies.  But  because  of  the  size  of  the  energy  in- 
dustry and  the  magnitude  of  contemplated  price  in- 
creases, allowing  these  market  forces  to  operate  will 
invoKe  significant  transfers  of  income  from  consumers 
to  the  owners  of  energy-related  assets. 

D  Rapid  development  and  utilization  of  coal  will  run 
into  conflict  with  recent  gains  in  the  field  of  environ- 
mental protection. 

D  The  more  quickly  we  tn.'  to  achieve  "independence," 
however  it  is  defined,  the  greater  will  be  the  cost,  in 
both  economic  resources  and  in  environmental  degra- 
dation. 

In  the  face  of  such  difficulties,  the  determination  of 
firm  pohcies  requires  analysis  beyond  that  which  we 
have  been  able  to  accomplish,  and  social  judgments 
that  ultimately  must  be  made  by  responsible  public  of- 
ficials. Nevertheless,  the  available  information  and  our 
analysis  of  it  reveal  important  features  of  the  energy 


problem,  and  the  pohcies  that  are  likely  to  prove  most 
effective  and  equitable  in  dealing  with  it.  These  mea- 
sures fall  into  four  areas;  corrections  to  current  federal 
regulatory  policies,  actions  to  let  the  market  work  ef- 
fectively; actions  to  redress  adverse  effects  on  income 
distribution,  and  provision  of  security  against  disrup- 
tion of  oil  imports,  whatever  the  import  volume  may  be. 

Seek  Revisioiu  in  Current  Regulatory  Policies 
Man)  aspects  of  federal  and  state  law  and  regulatory 
procedure  ser\  e  to  retard  the  growth  of  energy  supplies 
and  encourage  the  waste  of  energy.  A  continuing  effort 
should  be  devoted  to  ferreting  out  these  situations  and, 
where  possible,  correcting  them,  even  without  the  pres- 
sure of  Project  Independence.  Naturally,  most  regula- 
tions have  a  good  reason  for  existing,  or  had  at  their 
inception,  and  change  usually  runs  into  conflict  with 
the  interests  of  particular  groups  or  with  some  broader 
public  concern.  In  several  areas,  revision  will  come 
with  difficulty  if  at  all,  but  they  deserve  to  be  noted 
nonetheless. 

D  Field  Regulation  of  Satural  Gas  Prices.  Under  cur- 
rent law  and  regulatory  procedure,  natural  gas  is  seri- 
ously underpriced,  leading  to  wasteful  consumption 
and  a  reduction  of  supply  incentive.  Tables  4.1,  4.2,  and 
4.3  make  clear  the  importance  of  correcting  this  im- 
balance. Field  price  regulation  should  be  elimi- 
nated in  phases  over  the  next  five  )ears,  along  lines 
discussed  in  Section  4,  as  has  been  proposed  in  both  the 
House  and  Senate  in  the  last  year.  This  change  could 
make  an  important  contribution  to  any  program  to  ap- 
proach energ)-  independence. 

D  Railroad  Rate  Regulation.  One  key  to  the  effective 
use  of  Western  low-sulfur  coal  is  the  price  of  this  coal 
delivered  to  markets  in  the  East  and  Midwest.  The 
outcome  of  rate  cases  under  Interstate  Commerce  Com- 
mission jurisdiction  can  have  a  significant  effect  on  this 
price.  If,  under  the  pressure  of  increased  coal  traffic, 
rates  are  allowed  to  rise  too  high  ( perhaps  in  order  to 
subsidize  other  less  profitable  rail  operations),  coal  use 
will  be  penalized  and  substitution  of  coal  for  oil  and 
gas  will  be  retarded. 

D  Leasing  of  Federal  Lands.  By  far  the  greatest  in- 
crease in  domestic  energy  supplies  between  now  and 
the  early  nineteen-eighties  will  come  from  sources  un- 
der federal  jurisdiction,  including  offshore  oil  and  gas. 
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Alaskan  oil  and  gai,  and  Western  coal.. Given  the  long 
lead  limes  (or  exploration  and  development,  it  is  im- 
portant that  lease  availabilit)  it.stlf  not  continue  to  be  a 
constraint,  particularlv  in  the  case  of  offshore  oil.  The 
key  here  appears  to  be  a  rapid  resolution  of  disputes 
over  the  adequacy  of  environmental  safeguards. 

D  Sulfur  Pollution  Standards.  Beyond  these  first  four 
issues  lies  a  direct  and  unavoidable  confrontation  be- 
fween  the  Clean  Air  Act  (and  associated  implementa- 
tion plans)  and  any  scheme  to  substitute  Eastern  coal 
for  oil  and  gas.  There  is  even  doubt  about  the  en- 
vironmental consequences  of  burning  much  of  the  tow- 
sulfur  coal  available  in  the  West.  Effective  stack-gas 
desulfurization  at  a  reasonable  cost  would  cut  the 
Gordian  knot,  but  progress  in  this  area  is  not  a  cer- 
tainty. Our  studies  have  not  included  analysis  of  the 
ways  in  which  the  Clean  Air  Act  might  be  modified  to 
allow  increased  coal  use,  yet  preserve  desired  quality 
standards  in  our  ambient  air.  It  is  clear,  however,  that 
any  move  away  from  current  procedures  will  require 
much  greater  attention  to  ambient  monitoring  and  to 
flexible  systems  of  fuel  control. 

n  Licensing  of  Suclear  Power  Plants.  The  present 
time  cycle  required  for  the  design,  certification,  and 
construction  ot  nuclear  power  plants  affects  the  rate  at 
which  nuclear  power  can  be  substituted  for  the  use  of 
fossil  fuels.  As  discussed  in  Section  6,  changes  in  regu- 
lations to  speed  the  approval  process  and  decrease  con- 
struction delays  and  costs  are  possible  and  needed. 

Allow  the  Market  to  Work  at 
Current  International  Prices 

When  the  current  confusion  about  Persian  Gulf  oil 
prices  is  clarified,  the  price  for  1973  will  probably  turn 
out  to  be  a  little  over  S7.00  per  barrel.  With  the  addi- 
tion of  transportation  cost  and  producer's  profit,  the  cost 
delivered  to  the  U.S.  East  Coast  will  be  over  $9.00  per 
barrel.  It  is  argued  in  Section  8  that  it  is  unlikely — 
though  certainly  not  impossible — that  the  price  of 
world  oil  to  the  U.S.  will  rise  above  this  level  in  the 
next  few  years.  It  seems  more  likelv — though  far  from 
certain— that  the  prices  in  1973  dollars  will  decline 
from  the  $9.00  level  over  the  rest  of  the  decade.  Al- 
though it  is  hard  to  imagine  the  price  dropping  below 
$5.00  to  $6.00  per  barrel,  there  is  no  meaningful  price 
floor  set  by  the  actual  cost  of  oil,  which  is  less  than  five 
per  cent  of  current  import  prices. 

The  price  of  Persian  Gulf  oil  delivered  to  the  U.S. 
was  about  $4.00  per  barrel  just  one  year  ago,  and  there- 
fore the  production  incentive  offered  by  future  prices 
over  most  of  the  expected  range  is  very  great.  The 
question  is  how  best  to  design  a  policy  to  take  advan- 
tage of  those  forces  when  they  work  w'ell,  and  what  to 
do  if  even  this  incentive  proves  inadequate. 

D  Price  Maintenance.  One  wav  to  strive  for  energy- 
independence  would  be  to  use  flexible  tariffs  or  quotas 
to  hold  the  oil  price  at  a  level  that  would  clear  domes- 
tic markets  without  (or  nearly  without)  imports  bv  the 
early  nineteen-eighties.  The  analysis  of  Section  2  shows 
that  it  well  might  renuire  a  price  above  $11.00  per  bar- 
rel to  achieve  this.  This  is  an  extremely  high  price,  and 
policies  that  lead  to  it  probably  cannot  be  sustained. 
Given  the  purely  technical  limits  on  development   of 


substitute  fuels,  even  with  large  subsidies,  it  is  unlikely 
that  "independence"  can  be  attained  by  the  early  nine- 
teen-eighties it  it  IS  defined  in  terms  of  a  zero-net  im- 
port requirement 

However,  even  if  the  import  price  cannot  be  raised 
to  a  market-clearing  level,  the  question  remains:  Should 
the  price  of  imported  oil  be  held  at  some  level  above 
the  expected  import  price  of  $9.00— say,  at  $10  00  to 
$12.00  per  barrel?  Our  conclusion  is  that  it  should  not, 
for  the  tollowing  reasons: 

The  current  import  price,  and  the  price  of  "new" 
oil,'  which  follows  it,  are  high  enough  to  provide  ade- 
quate incentive  for  oil  exploration.  (Natural  gas  is  a 
separate  problem,  as  noted  in  Section  4. )  A  still  higher 
price  will  have  only  a  marginal  effect  on  exploration 
and  production  over  the  next  few  years. 

At  the  current  price  level  for  imports,  and  the  asso- 
ciated price  of  residual  fuel  oil,  there  is  also  ample  in- 
centive for  coal  production.  At  this  price,  the  most  im- 
mediate barriers  to  expansion  of  coal  are  to  be  found  in 
environmental  issues,  in  problems  of  transportation  and 
government  leasing  policy,  and  in  limited  demand. 

As  indicated  in  Section  7,  no  one  knows  with  any 
accuracy  what  price  incentives  it  may  take  to  spur  de- 
velopment of  synthetic  fuels,  or  whether  incentives  are 
needed  at  all.  Therefore,  in  the  early  stage  of  this  new 
industry  it  is  preferable  to  use  selective  policy  instru- 
ments, such  as  specific  plant  process  or  product  guaran- 
tees or  subsidies,  which  are  more  precisely  atuned  to 
the  problems  of  large-scale  s\nthetic  fuel  processes. 

The  effect  on  demand  of  a  $9.00  energy  price  is 
poorly  understood,  and  even  less  is  known  about  prices 
above  that  level.  In  the  short  run,  such  a  price  would 
yield  little  other  than  an  income  transfer  from  con- 
sumers to  producers.  The  political  difficulties  that  flow 
from  these  income  transfers  need  no  elaboration. 

In  short,  the  import  price  is  high  enough,  and  there 
is  little  to  he  gained  from  raising  it  higher.  Should  the 
world  price  rise  still  higher  due  to  actions  of  exporting 
countries,  this  conclusion  is  only  strengthened. 

D  Protection  Against  Down-Side  Risk.  Should  the  real 
price  of  imports  (in  constant  1973  dollars)  begin  to  fall 
below  the  expected  $9.00  level,  another  set  of  questions 
arises.  Should  a  floor  be  put  under  import  price  by 
flexible  tariffs  or  quotas?  If  so,  at  what  level?  Further, 
should  that  floor  be  established  now,  or  can  this  possi- 
bility be  left  an  open  question?  Our  conclusions  are  the 
following: 

By  the  same  arguments  as  those  used  in  the  para- 
graphs on  "Price  Maintenance,"  there  should  be  ade- 
quate incentives  for  oil,  gas.  and  coal  supply  it  prices 
as  low  as  $7.00  per  barrel,  and  therefore  there  is  little 
need  at  this  time  to  set  a  floor  on  import  price,  provided 
that  proper  incentives  are  offered  to  the  infant  synthet- 
ics industry.  Should  the  import  price  drop  into  the 
neighborhood  of  S7.00  per  barrel,  this  conclusion  would 
have  to  be  reconsidered.  In  addition,  more  data  will  be- 
come available  on  supplv  and  demand  response  to  cur- 
rent high  price  levels,  and  this  judgment  can  be  ad- 
justed in  the  light  of  that  new  evidence  as  well. 

As  noted  in  Section  8,  the  choice  between  tariffs  and 


'  'New"  oil  includes  all  oil  from  wells  completed  since  1971, 
or  from  increases  since  1971  in  proJuction  from  pre-existing 
wells.  "Old"  oil,  which  remains  under  price  control,  is  the 
remainder  of  domestic  production. 
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quotas  is  a  complex  one  in  the  new  world-oil  situation. 
There  is  a  clear  need  for  further  in-depth  study  of 
these  measures,  and  evaluation  of  their  flexibility  in  the 
face  of  the  inevitable  uncertainty  in  the  world  oil  mar- 
ket over  the  years  to  come. 

D  Domestic  Price  Controls.  Domestic  "old"  oil  is  cur- 
rently being  held  at  $5.25  per  barrel,  while  "new"  oil  is 
selling  at  $9.00  or  above.  Under  current  definitions, 
"new"  oil  is  about  30  per  cent  of  total  domestic  supply, 
and  that  percentage  will  grow  with  time.  Such  a  two- 
tier  pricing  system  leads  to  distortion  and  waste  when 
applied  to  essentially  the  same  product,  especially  when 
new  investment  in  old  oil  leases  is  desirable.  On  the 
other  hand,  removal  of  price  controls  will  result  in  a 
sizable  increase  in  revenues  and  profits  to  certain  seg- 
ments of  the  petroleum  industry.  (Similar  problems 
arise  from  price  controls  on  gas. ) 

In  this  circumstance,  we  recommend  that  price  regu- 
lation of  "old"  oil  be  relaxed  (perhaps  in  phases),  but 
that  this  be  done  only  if  provision  is  made  to  capture  a 
portion  of  the  resulting  income  transfers,  by  means  to 
be  discussed  momentarily. 

D  Incentives  to  the  Synthetics  Industry.  Thus  far,  we 
have  argued  that  no  commitment  should  be  made  to 
hold  the  price  of  energy  high  enough  to  make  room  for 
SNG,  syncrude,  methanol,  or  shale  oil.  But  if  this  ap- 

f)roach  is  taken,  some  specific  programs  will  be  needed 
or  these  sources,  since  their  development  to  pilot  and 
commercial  productions  stages  should  not  be  delayed. 

The  best  way  to  accomplish  this  is  to  identify  a  spe- 
cial class  of  new  energy  sources,  and  provide  specific 
price  guarantees  for  the  output  of  the  first  group  of 
commercial-scale  plants.  In  a  few  years,  a  great  deal 
more  will  be  known  about  the  synthesizing  processes, 
and  better  informed  judgments  can  be  made  about  their 
costs  and  the  general  price  level  it  takes  to  give  incen- 
tive for  their  expansion.  To  handle  the  first  round  of 
plants,  one  of  two  schemes  is  recommended: 

One:  Potential  synthetics  suppliers  bid  for  contracts 
to  supply  SNG  or  syncrude  to  the  federal  government 
at  some  future  date.  Contracts  would  be  in  lots  of,  say, 
50,000  barrels  per  day,  and  would  be  at  a  fixed  price 
per  barrel  (plus  adjustment  for  inflation)  for  an  ade- 
quate period  of  sears  (ten  to  20).  Through  this  bidding 
process,  it  can  be  determined  whether  and  how  much 
subsidy  is  required. 

Two:  The  federal  government  offers  to  purchase  oil 
from  new  commercialplants  at  a  price  agreed  upon  by 
negotiation. 

Many  details  of  such  schemes  remain  to  be  analyzed. 
But  by  moving  now  to  offer  a  price  floor  for  the  critical 
first  generation  of  plants — up  to  perhaps  500,000  or  a 
million  barrels  per  day  equivalent — the  federal  govern- 
ment can  insure  that  development  takes  place  at  the 
maximum  rate  without  a  premature  commitment  to  sub- 
sidize or  otherwise  provide  protection  for  a  massive  in- 
dustry as  yet  unborn. 

D  Measures  to  Increase  Energy  Productivity.  There 
undoubtedly  are  many  places  in  the  economy  where 
energy  is  not  utilized  efficiently,  even  at  increased 
prices,  due  to  some  failure  in  the  working  of  the  market 
mechanism.  The  savings  to  be  gained  from  correcting 
these  failures  by  selective  public  measures  should  be 


considerable,  and  a  continuing  effort  should  be  made  to 
isolate  these  cases  and,  where  possible,  to  treat  them. 

Correct  Adverse  Effects  on  Income  Distribution 
When  the  price  of  world  oil  is  driven  up  very  rapidly  by 
action  of  foreign  producers,  it  is  inevitable  that  there 
will  be  an  accompanying  rise  in  the  revenues  and 
profits  accruing  to  persons  owning  energy-producing 
assets  of  one  kind  or  another.  Several  of  the  policies 
recommended  above — such  as  natural  gas  deregulation 
and  relaxation  of  domestic  price  controls  on  "old"  oil — 
will  contribute  to  this  income  transfer.  The  amounts  of 
money  involved  are  large  enough  to  raise  real  problems 
of  social  equity.  For  example,  a  $5.00  price  increase  on 
10  million  barrels  per  das  of  domestic  oil  and  gas 
amounts  to  an  income  transfer  of  $18  billion  per  year. 
Current  political  controversies  o\er  crude  oil  prices  are, 
in  large  part,  a  reflection  of  this  underlying  equity  is- 
sue. 

Several  solutions  to  this  problem  have  been  proposed, 
including  a  variable  excise  tax  on  domestic  crude  oil 
and  various  forms  of  excess-profits  taxes.  The  best  an- 
swer, however,  is  apparently  to  bring  oil  companies 
back  into  the  U.S.  corporate  income  tax  s)Stem.  At 
present,  with  foreign  taxes  (which  run  in  the  neighbor- 
hood of  $7.00  per  barrel)  being  credited  against  U.S. 
taxes  on  overseas  operations,  and  with  the  22  per  cent 
depletion  allowance,  the  corporate  tax  liability  of  many 
oil  companies  is  vanishingly  small.  We  have  not  con- 
ducted an  analysis  of  the  details  of  alternative  changes 
to  the  special  provisions  of  the  tax  code  for  various  parts 
of  the  energy  industry,  but  the  simplest  and  most 
straightforward  solution  seems  to  be  to  treat  energy 
corporations  more  nearly  like  we  treat  the  rest  of  Amer- 
ican industr) ,  and  thereby  to  capture  some  of  the  rising 
income  flows  in  the  normal  tax  system. 

With  such  a  change,  two  questions  would  remain: 
Is  the  income  transfer,  after  taxes,  sufficiently  reduced 
to  prove  socially  acceptable?  And  are  corporations  left 
with  sufficient  retained  earnings  to  finance  needed  in- 
vestments^ We  suspect  that  the  answer  is  yes,  but  both 
issues  need  further  study. 

Provide  Security  Against  Import  Disruption 

Implicit  in  the  preceding  conclusions  is  the  judgment 
that  the  cost  of  security  is  too  high  if  it  is  sought  solely 
bv  eliminating  imports.  In  effect,  the  two  justifications 
for  independence  from  foreign  sources — avoiding  oil 
blackmail  and  cutting  the  resource  cost  of  our  energy — 
are  contradictory  if  the  target  date  is  the  early  nine- 
teen-eighties.  The  economic  cost  of  additional  domestic 
supplies,  on  this  time  scale,  is  above  the  expected  eco- 
nomic cost  of  imports.  As  a  result,  the  US  is  likely  to 
be  a  net  importer  of  energy  right  through  the  nineteen- 
eighties,  though  in  drastically  reduced  quantities,  as  a 
result  of  the  policies  discussed  above.  The  question  is 
how  to  reduce  the  risk  of  these  residual  imports. 

Far  too  little  attention  has  been  given  to  the  possi- 
bilities and  costs  of  providing  a  stockpile  of  crude  oil 
beyond  normal  inventories.  While  we  have  not  ex- 
amined the  possible  response  of  OP. EC.  to  this  pro- 
gram, or  the  best  means  of  insuring  that  inventories  are 
built  up  to  the  desired  level,  we  believe  that  this  option 
must  be  given  serious  consideration  as  another  way  of 
reducing  the  risks  and  costs  of  interruptions  in  our 
energy  supplies. 
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Appendix:  The  Origin  of 
Synthetic  Fuel  Costs 


Table  A.l  (next  page)  presents  data  taken  directly 
from  the  open  literature  on  the  various  synthetic  fuel 
processes.  Only  the  total  capital  investment  figures  have 
been  altered,  we  give  them  in  1973  dollars.  Coal  costs 
are  standardized  to  32<  per  million  B.t.u.  for  Eastern 
bituminous  coal  (S8.00  per  ton  at  25  million  B.t.u.  per 
ton),  and  I6<  per  million  B.t.u.  for  Western  coal  (S3.00 
per  ton  at  18.75  million  B.t.u.  per  ton).  Plant  costs  are 
for  a  completely  self-contained  unit,  and  include  every- 
thing except  cost  of  the  mine  (unless  otherwise  noted) 
and  housing  facilities  for  workers. 

Four  different  estimates  for  Lurgi-type  coal  gasifica- 
tion plants  appear  in  the  table.  They  show  significant 
variations  in  capital  costs  and  efiBciency,  even  though 
the  plants  have  the  same  capacity,  and  are  based  on 
the  same  technology.  Details  on  the  estimating  proce- 
dures used  are  scanty,  so  reconciliation  of  the  differ- 
ences is  not  pos.;hle.  It  is  probable,  though,  that  Fluors 
estimate,  being  the  most  recent,  is  the  most  reliable. 
( Here  it  should  be  noted  that  the  tar  by-product  is  ap- 
parently not  credited  to  the  operating  cost  or  to  the 
coal  consumed. ) 

The  second  group  of  processes  presented  in  Table 
A.l  are  those  coal  liquefaction  processes  for  which  cost 
estimates  are  available:  H-Coal,  PAMCO,  COED,  and 
CONSOL.  Note  that  the  capacities  of  these  plants  dif- 
fer widely,  as  do  their  mixes  of  products.  Costs  for  only 
one  methanol  plant  were  found  in  the  literature,  as 
presented  in  Table  A.l. 

Pubhshed  data  on  projected  costs  of  the  oil-shale 
processes  are  likewise  scarce.  The  costs  of  syncrude  ob- 
tained from  shale  liquefaction  obviously  depends  on 
the  assay  of  shale  used,  and  are  five  to  seven  per  cent 
lower  for  material  containing  35  gallons  per  ton  than 
for  25-galIon-per-ton  material.  Processing  costs  depend 
significantly  on  the  cost  of  disposing  of  spent  shale,  ap- 
parently assumed  in  these  estimates  to  be  nominal. 

The  data  in  Table  A.l  are  presented  in  condensed 
form  in  Table  A. 2  (page  58),  after  the  following  recal- 
culations to  simplify  process  comparisons: 

D  Plant  sizes  differ  by  a  factor  of  three  in  Table  A.l. 
Investments  in  these  plants  have  been  scaled  to  a  ca- 
pacity of  250  X  10»  B.t.u.  per  day  in  Table  A.2  by 
assuming  investments  to  vary  with  the  0.9  power  of 
capacity.  This  exponent  is  conservative  and  assumes 
that,  for  large  plants,  capacity  increases  are  made  by 
multiphcation  of  units.  Before  such  scahng,  all  plant 
costs  are  corrected  to  1973  dollars  using  the  Chemical 


Engineering  Plant  Cost  Index. 

D  Total  capital  investment  has  been  standardized  to 
include  the  same  facilities,  such  as  power  generation 
and  pollution  control  capabilities.  Capital  costs  exclude 
the  mine  except  where  indicated.  These  investment  fig- 
ures also  include  15  per  cent  for  contingencies. 

D  Operating  costs  are  similarly  standardized.  Thus 
coal,  labor,  taxes,  and  insurance  are  charged  to  all  proc- 
esses at  the  same  rates,  as  detailed  m  the  footnotes  to 
Table  A.2.  The  plants  are  assumed  to  operate  330  days 
per  year. 


Facing  page: 

Table  A.l:  Plant  Costs  for  Various  Synthetic  Fuels,  at  1973 
prices  .\\l  data  are  taken  from  the  open  literature.  The  sources 
are  the  following: 

"Final  Report — The  Supply-Technical  Advisory  Task  Force — 
Synthetic  Gas-Coal"  National  Gas  Survey,  Federal  Power  Com- 
mission, April,  1973. 

"US  Energy  Outlook — Coal  Availability,"  Report  of  the  Fuel 
Task  Group  on  Coal  Availability,  National  Petroleum  Council, 
1973. 

"Evaluation  of  Coal  Gasification  Technology;  Part  I,  Pipeline- 
Quality  Gas,"  National  Academy  of  Engineering,  1972. 
"Evaluation  of  Coal  Gasification  Technology;  Part  II,  Low-  and 
Intermediate-B.t.u.  Fuel  Gases,"  National  Academy  of  Engineer- 
mg,  1973. 

Wen,  C.  Y.,  "Optimization  of  Coal  Gasification  Processes,"  R&D 
Report  No.  66,  Office  of  Coal  Research,  1972. 
Siegel,   H.   M.   and  T    Kalma,   "Technology   and  Cost  of  Coal 
Gasification."  Mech.  Engr.,  May,  1973,  pp.  23-28. 

Moe,  ].  M.,  "S.\'G  from  Coal  via  the  Lurgi  Gasification  Process," 
Symposium  on  "Clean  Fuels  Firm  Loaf,"  Institute  of  Gas  Tech- 
nology. Chicago,  111.,  Sept.  10-14.  1973. 

Shearer,  H.  A.,  "The  COED  Process  Plus  Char  Gasification." 
Cheni.  Engr.  Prog.  69  (3),  43  ( 1973). 

Foster-Wheeler  Corp..  "Engineering  Evaluation  and  Review  of 
CONSOL  Synthetic  Fuel  Process."  R&D  Report  No.  70,  Office 
of  Coal  Research.  Februar),  1972. 

Michel.  J.  W..  "Hydrogen  and  Synthetic  Fuels  for  the  Future," 
166th  Nat.  Meeting.  Amer.  Chem.  Soc.  Div.  of  Fuel  Chem. 
Preprints,  18,  No.  3,  August,  1973. 

"U.S.  Energy  Outlook— Oil  Shale  Availability,"  National  Petro- 
leum Council,  1973. 
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CmI  gulflcatlon 


Cetl  llquttacilon 


14.700-17.900 

56-68 

334-390 

19,600-23.800 

56-68 

290-390 

13.200-17.500 

60-75 

233-373 

12,500-14,300 

70-80 

195-208 

16.700-19,000 

70-80 

195-208 

Oumciiion< 

94,500 

Llqu<i>cilor<< 

72,900 

Uqu«ltcllon> 

52.000 

342-7^0 
276-327 


21.4-22.2       60.7-70.9     25.9-26.9     47.1-54.1     135-150 
19.5-23.0       52.7-70.9     23.6-28.5    23.6-28.5     100-127 

22-35  43.4-67.8     26.7-35.0    42.7-56.0     112-166 


35.5-37.8 
35.5-37.8 

50.7-66.2     54 


40-45.7        110-125 
20-22.7  90-105 


53.2  25.0  56.1  134.3 

45.0  27.0  42.8-48.2     114.8-120.8 

37.6  23.4  46.8-52.6     107.8-113.6 


Tible  A.2!  PUnt  Costs  for  250  X  lO*  B.t.u.  p«r  day  of  Various 
Synthetic  Fuels.  In  this  Uble,  the  figures  shown  in  Table  A.l 
•re  nude  comparable  by  recalculations  described  in  the  text  of 
the  Appendix.  Footnotes  to  the  table; 

'  Thirty-two  cents  per  miUion  B.t.u.,  25  million  B.t.v 
$8.00  per  ton. 

'  Sixteen  cents  per  million  B.t.u.,  18.75  milhon  B.t.u.  per  ton, 
13.00  per  too. 

•  Twenty-five  gallons  of  oil  per  ton  of  shale. 


per  ton, 


*  Thirty-five  gallons  of  oil  per  ton  of  shale. 

*  Labor  at  $5.50  per  hour,  2.5  per  cent  for  taxes  and  insurance 
1  plant  investment,  4.5  per  cent  for  maintenance. 


15  per  cent  interest  during  construction,  and  7.5  per  cent  work- 
ing capital.  The  plant  costs  are  normalized  to  250  X  10'  B.t.u. 
per  day  of  product  by  assuming  these  costs  to  vary  with  ca- 
pacity to  the  0.9  power. 


EXCERPTS  FROM  CHAPTER  II,  "DOMESTIC  ENERGY  SUPPLY  SUMMARY," 
PROJECT  ISDEPENDENCE  REPORT,  FEDERAL  ENERGY  ADMINISTRA- 
TION, 1974 

CHAPTER   II 

DOMESTIC  ENERGY  SUPPLY 
SUMMARY 

To  assess  the  domestic  energy  situation   between  now  and  1985,   we  have 
to  analyze  the  effects  of  existing   policies  upon  future  supplies  and   identify 
alternative  actions  to   increase  domestic  production.     FEA's  evaluation  of 
the  cost  and  levels  of  potential    production  was  undertaken   by  nine  separate 
interagency  fuel    task  forces  which  evaluated: 

1.  Oil 

2.  Natural  Gas 

3.  Coal 

4.  Nuclear 

5.  Shale  Oil 

k 

■«  6.  Synthetic  Fuels 

7.  Solar 

8.  Geothermal 

9.  Facilities 

The  final  reports  of  these  individual  task  forces  Are   available  separately 
from  the  Government  Printing  Office  (See  Appendix  /wjj  fgr  working  group 
manbership  and  Appendix  AVIII  for  the  list  ot  task  force  reports). 

The  first  section  of  this  chapter  summarizes  the  methods,  assumptions, 
and  findings  of  the  supply  analysis,  and  the  policy  implications  of  these 
results.  The  remainder  of  the  chapter  describes  each  of  the  energy  source 
analyses  in  greater  detail. 

Methodology  and  Assumptions 

The  fuel  task  forces  developed  estimates  of  potential  production  levels 
for  each  fuel,  as  a  function  of  price.  These  figures  were  prepared  for  1977, 
1980,  and  1985,  taking  account  of  production  leadtimes  and  institutional 
factors  which  could  affect  the  rate  of  growth.  Data  were  compiled  for  the 
major  producing  regions  of  the  country,  which  are  different  for  each  fuel, 
as  well  as  for  the  Nation  as  a  whole.  Thus,  the  task  forces  analyzed  nine 
coal  regions,  twelve  oil  and  gas  regions,  and  nine  electric  reliability  councils. 
The  regional  approach  highlights  differing  production  costs,  potential 
recoverable  reserves,  finding  rates,  transportation  capacities  and  costs, 
and  provides  a  basis  for  analysis  of  environmental  impacts  and  production 
constraints. 
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ene.,y  P-^-tion   is  largely  J-enjined  by  an  -.ay  of^Gove.™ent  policies 

',:t^lZri  '^f.llTls  u:l^'mYJe  and  Accelerated  Development   (AD) 
Jase      The  Business  As  Usual    strategy  assumes,   to  the  extent  possible     a 
cont'inuation  of  existing   policies  and  no  new  actions  to  stimulate  supply 
or  to  remove  barriers  that  limit  production.     It  assumes  there  will   be  no 
mqes  in  current  tax   policies;   phasing  out  of  current  price  and  a  location: 
Trams     during   1975;    implementation  of  current  environmental    regulations; 


Chang 
program 


and  continuation  of  the  $11    billion  energy  research  and  development  program. 
The  Accelerated  Development  strategy  assumed  the  implementation  of  incentives 
or  other  programs  to  stimulate  supply  and  the  relaxation  of  selected  key 
barriers  that  inhibit  production.     It  should  be  noted  that  many  of  the 
options  considered  under  the  AD  strategy  would  require  Congressional   approval, 

The  major  differences  between  the  BAU  and  AD  strategies  are  with  regard 
to  degree  of  Government   intervention,   rate  of  leasing,   regulatory  controls, 
and  relaxation  of  institutional    barriers.     A  comparison  of  major  BAU  and 
AD  assumptions   is  shown   in  Table   II-l .  More  detailed  descriptions  of 
assumptions  are  contained   in  the  Task  Force  reports. 

Table  II-l 
Comparison  of  BAU  and  AD  Assumptions 


Energy 
Source 


Business  As  Usual 
Assumptions 


Accelerated  Development 
Assumptions 


Oil 


Moderate  OCS  leasing  pro- 
gram (1-3  million  acres 
per  year);  Prudhoe  Bay 
developed  with  one  pipeline 


Accelerated  OCS  leasing  program, 
including  Atlantic  and  Gulf 
of  Alaska;  expanded  Alaskan 
program  assuming  additional 
pipeline  and  authority  to 
develop  Naval  Petroleum 
Reserve  No.  4 


Natural  Gas      Phased  deregulation  of  new 
natural  gas;  LNG 
facil ities  in  Alaska 


Coal 


Deregulation  of  new  natural   gas; 
additional   gas  pipelines   in 
Alaska;  gas  produced   in 
tight  formations 


Some  Federal   coal   land 
leasing;   phased   implemen- 
tation of  Clean  Air  Act 
with  installation  of 
effective  stack  gas  control 
equipment;  moderate   strip 
mining   legislation 


Same  as  BAU  with  additional 
leasing  and  larger  new  mines 


Nuclear 


No  change  in  licensing  or 
regulations;  added  enrich- 
ment and  reprocessing 
capabil ity 


Streamlined  siting  and  licensing 
to  reduce  leadtimes;  increased 
reliability;  additional  uranium 
availability;  material 
allocation 
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Energy 
Source 


Table   II-l 
Comparison  of  BAU  and  AD  Assumptions 
(Continued) 


isiness  As  Usual 
Assumptions 


Accelerated  Development 

Assumptions    

Streamlined  licensing  and 
siting;   financial    incentives; 
increased  water  availability 


Synthetic 
Fuels 


No  change  from  current 
pol icies 


Shale  Oil 


No  change  from  existing 
pol icies 


Additional    leasing  of  Federal 
lands;  modification  of 
Colorado  air  quality  standards; 
financial    incentives;  increased 
water  availability 


Geo thermal 


Continued  R&D  and 
Federal  leasing  programs 


Leasing  of  Federal  lands; 
streamlined  licensing  and 
regulatory  procedures; 

financial  incentives 

Additional  R&D  expenditures 
and  financial  incentives 


Solar 


Continued  R&D  program 


Reserves 

The  United  States  has  abundant  coal   reserves.     At  current  levels  of 
usage,   our  coal    reserves  could  last  about  800  years,   well    beyond  the  avail- 
ability of  other  fossil   fuels   (see  Table   II-2  for  a  comparison  of  reserves 
for  different  fuels).     Although  about  90  percent  of  the   strip  mineable 
coal   can   be  recovered,   only  about  half  of  the  underground  coal    reserves  can 
be  recovered  with  current  mining   technology.     Coal    production  has  traditionally 
been  concentrated   in  Appalachia,    but  most  of  the  Nation's  reserves  are  in 
the  Midwest  and  Northern  Great  Plains. 

Oil   and  gas  reserves  are  considerably  more  limited.      Even  with  extensions, 
revision,   and  discovery  of  new  pools   in   known  fields,   proven  reserves  are 
less  than  46  billion   barrels,   or  less  than   10  years  of  domestic  supply  (includes 
Prudhoe  Bay,    but  not  Naval    Petroleum  Reserve  No.   4).     The  greatest  potential 
for  new  discoveries  lies   in  the  offshore  areas   (OCS)   and   in  Alaska.     Many 
of  the  areas  of  greatest  promise  are  publicly  owned  and  to  date  have 
not  been  explored.      For  example,   of  the  70,000  square  miles  on  the  North 
Slope  of  Alaska  that  are  potentially  favorably-producing  areas  all    but  27,000 
square  miles  are  reserved   in  the  Arctic  National    Wildlife  Range  and  Naval 
Petroleum  Reserve  No.   4   (NPR-4).     Natural   gas  reserves  are  even  more  con- 
centrated  in  Alaska,   which  has  about  one-third  of  the  Nation's  gas  potential. 
The  high  oil   and  gas  potential    in  these  largely  unexplored  areas  underscores 
the  uncertainty  of  future  levels  of  production. 

In  addition  to  the  oil    in  conventional   fields,   there  are  a   large  number 
of  shallow  oil   fields  containing  oil -saturated   sand  reserviors;  deposits, 
primarily  in  Utah,   of  oil -impregnated  rocks,   known  as  tar  sands;   shale  oil; 
and   heavy  crude  oil    reserves,  mainly  in  California.     The  ability  to  produce 
oil   from  these  areas   is  heavily  dependent  upon  the  price  of  world  oil   and 
the  environmental   concerns  of  local    residents. 
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Major  Findings 

Actual   production  levels  will    be  affected   by  denand  for  various  fuels; 
interfuel    substitution;   the  price  of  world  oil   and  access  to   imports; 
availability  of  materials,   equipnent,   water,  capital,  manpower,  and 
transportation;   and  Government  actions.     The  fuel    task  forces  assumed 
there  were  no  constraints  to  production  and  did  not  take  account  of  expected 
demand.     These  potential    levels  of  production  are  combined  with  the  FEA 
demand  forecast  and  transportation  cost  estimates  to  develop  a  least  cost 
way  of  producing  and  delivering   energy  to  demand  centers.     The  analytical 
approach  followed   is  described   in  Chapter  VIII. 

Under  the  Business  As  Usual    strategy,   and   if  world  oil    is  $11   a   barrel, 
oil   production  could   increase  to  15  million   barrels  per  day  (MMBD).     Under 
Accelerated  Development  at  $11   oil,   production  could   increase  to  20  MMBD 
The  AD  case  assumes  large-scale  developnent   in  NPR-4;   the  Atlantic,  Alaskan, 
and  Pacific  OCS;  and  a  more  extensive  leasing   program.     Although  the  potential 
exists  for  20  MMBD  production,   actual   production  levels  will   probably  be  lower. 
There  is  considerable  uncertainty  regarding  NPR-4,  Alaska,   and  the  Atlantic 
OCS,  and   it   is  unlikely  that  all    institutional   and  equipment  barriers  could  be 
overcome. 

The  potential   for  coal   development   is  virtually  unlimited  under  accelerated 
conditions  if  no  equipment,  manpower,  or  demand  constraints  are  assumed.     Coal   pro- 
duction could   be  over  2  billion  tons  per  year  in  1985  under  these  assumptions, 
although  demand   limitations  are  likely     to  keep  production  to  about  1    billion 
tons  in  1985.     Natural   gas  production  can   be   increased  through  increasing 
availability.      Synthetic  fuels,  geothermal,    solar,   and   shale  oil    levels 
are  considerably  higher  under  AD,   although  still   relatively  small   contributors 
to  total   energy  production  before  1985.     Nuclear  power  also   shows  large 
Increases  under  AD  as  regulatory  delays  are  reduced  through  streamlined 
siting  and  licensing   practices.      (See  Table   1 1-3  for  BAU  and  AD  production 
levels. ) 

Table  II-3 
Maximum  1985  Production  Levels  Under  BAU  and  AD 
(at  $11   Oil) 

Source  BAU   Potential  AD  Potential 

Oil  15.0  million   barrels/day      20.0  million   barrels/day 

Natural   Gas  23.4  trillion  cubic  29.3  trillion  cubic 

feet/year  feet/year 

Coal  1.1    billion  tons/year  2.1    billion  tons/year 

Nuclear  234  million   kilowatts  275  million   kilowatts 

Coal  Gasification  0.5  trillion  cubic  1.0  trillion  cubic 

feet/year  feet/year 

Coal   Liquefaction  -0-  500,000  barrels/day 

Shale  Oil  250,000  barrel s/day  1 .0  mil  1  ion   barrel s/day 

Geothermal  6000  megawatts  15,000  megawatts 

Solar  Heating  &  0.3  quadrillion  Btu's  0.6  quadrillion  Btu ' s 

Cool ing 

Solar  Electricity  41  million  MWh/yr  151  million  MWh/yr 
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The  variation  in  world  oil  price  has  a  significant  effect  on  potential 
production  levels  of  source  energy  sources.  Obviously,  oil  is  very  sensitive 
to  imported  prices.  Production  under  AD  conditions  could  be  20  MMBD  in 
1985  at  $11  oil,  but  would  be  16.9  MMBD  at  $7  oil.  The  major  reason  for 
these  differences  is  that  some  sources  that  are  economic  at  the  higher 
prices  are  not  economic  when  :i/  a  barrel  imports  are  available.  These 
sources,  such  as  secondary  and  tertiary  recovery,  some  Alaskan  oil,  and 
some  heavy  crude  oil  are  produced  at  greater  rates  in  the  AD  case.  At 
$4  oil,  domestic  production  would  decline  considerably,  as  most  of  the 
Alaskan  production  would  not  be  economic. 

The  variation  of  world  oil  prices  has  virtually  no  effect  on  the  supply 
of  coal.  The  supply  curve  for  coal  is  basically  inelastic  in  the  $7-11 
oil  price  range.  In  the  long  term,  after  any  immediate  constraints 
have  been  relieved,  coal  can  be  produced  in  greater  quantities  than  it  can 
be  consumed.  The  supply  of  nuclear  power  is  relatively  inelastic  between  $7  and 
$11  oil,  as  its  availability  depends  more  upon  capital  requirements,  regulatory 
and  delivery  delays,  perceptions  about  safety,  and  electricity  demand,  than 
on  the  price  of  oil.  Nuclear  power  has  the  cheapest  life  cycle  cost  for 
base  load  electric  lower  generation  and,  along  with  coal,  could  substitute 
for  some  petroleum  demand.  Natural  gas  is  generally  cheaper  to  produce  and 
transport  than  oil  and  is  less  sensitive  to  varying  oil  prices. 

Considerations  for  Policy  Development 

The  Accelerated  Supply  Case  reflects  substantial  increases  in  the  rate 
of  production  of  several  energy  sources  by  1985,  including  nuclear  power 
and  oil  from  Alaska  and  the  Outer  Continental  Shelf.  The  increases  are 
premised  on  Government  action  (Federal,  state  and  local)  and  industry 
initiatives  that  are  unlikely  to  take  place  unless  a  number  of  policy  pro- 
blems can  be  solved,  most  of  which  involve  reforms  in  the  regulatory  process 
or  the  reconcilation  of  conflicting  economic,  environmental  and  social 
interests.  This  portion  of  the  chapter  highlights  several  of  the  most 
important  policy  problems. 

Energy  Facil ities.  A  pervasive  problem  affecting  attainment  of  the  supply 
increases  in  the  Accelerated  Supply  Case  is  the  complexity  and  inconsistency 
of  siting,  licensing  and  regulatory  procedures.  Leadtimes  for  new  facilities 
have  increased  beyond  the  normal  engineering  and  construction  delays.  It 
takes  eight  or  nine  years  to  start  up  a  nuclear  plant  from  the  time  the 
decision  is  made  to  build  the  plant  (See  Table  II-4  for  estimates  of  current 
leadtimes. ) 
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Table  11-4 

Estimated  Facility  Leadtiraes 

(Years  from  Decision  to  Start  Up) 

Type  of  Facility  Years  Leadtime 

Nuclear  Electric  Plants  8-9 

Coal  Electric  Plants  5 

Oil  Electric  Plants  5 
Synthetic  Plants 

Low  Btu  Gas  5 

Pipel ine  Gas  5 

Liquif ication  5 

Shale  Oil  Plants  6 
New  Mines 
Surface 

Private  Lands  3 

Federal  Lands  5 
Underground 

Private  Lands  5 

Federal  Lands  5-6 

New  OCS  Oil  Fields  2-4 

New  Onshore  Oil  Fields  1-3 

Geothermal  Electric  5 

Hydroelectric  20 

There  are  several  factors  contributing  to  long  leadtimes,  including  local 
and  state  land  use  siting  reviews;  Atomic  Energy  Commission  approval  of  the 
construction  and  operation  of  nuclear  power  plants;  Federal  Power  Commission 
approval  of  interstate  gas  pipelines;  the  timely  availability  of  land  by 
the  Department  of  the  Interior;  and  the  review  and  approval  of  environmental 
impact  statements.  While  each  of  these  functions  is  necessary,  the  pro- 
cedures add  1-5  years  to  the  lag  in  bringing  a  new  power  source  to  the  con- 
sumer. Additional  delays  may  be  caused  by  lack  of  coordination  between 
Federal,  State  and  local  regulatory  agencies;  and  the  trend  toward  larger 
energy  facilities  may  require  special  regional  siting  considerations  and 
increased  standardization. 

More  than  forty  Federal  agencies,  bureaus  and  commissions  have  a  role  in 
energy.  In  addition.  State  and  local  government  agencies  are  involved  in  the 
evaluation  of  proposed  energy  sites  and  facilities,  and  for  many  planned 
facilities  there  is  no  method  to  resolve  siting  conflicts.  The  regulatory 
framework  often  appears  fragmented  and  directionless.  There  are  no  mechanisms 
to  insure  that  decisions  made  are  consistent  with  national  requirements  for 
energy  and  that  these  needs  are  balanced  with  other  objectives,  such  as 
environmental  quality  and  considerations  of  social  disruptions  at  the  regional 
level.  Federal  energy  regulatory  agencies  have  sometimes  adopted  narrow 
decisionmaking  perspectives  ignoring  the  overall  impact  of  their  actions. 
Also,  the  regulatory  structure  and  its  legislative  mandate  have  not  always 
encouraged  expeditious  agency  responses  to  changes  in  technology,  the  economy, 
or  international  relations.  This  is  exemplified  by  regulations  on  natural 
gas  and  old  oil . 
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Local  resistance  to  energy  projects  is  growing.  Planning  projects  to  be 
located  in  sparsely  populated  areas  does  not  necessarily  reduce  the  resistance 
Municipal  services  such  as  schools,  hospitals,  fire,  housing,  sewage  and 
water  supply  in  many  rural  areas  are  not  sufficient  to  support  a  rapid  increas 
in  demand.  The  environmental,  social  and  economic  impact  of  intensive 
population  growth  (to  mine  coal,  mine  and  mill  shale,  drill  for  oil,  etc.) 
are  likely  to  create  chaotic  growth.  The  prospect  of  boom  and  bust  economics 
and  its  disruption  of  local  life  will  continue  to  be  resisted  by  local 
Government  officials  and  citizens. 

New  facilities  such  as  deepwater  ports  and  floating  nuclear  powerplants, 
as  well  as  liquified  natural  gas  plants  are  also  generating  public  opposition 
and  delays  are  commonplace. 

To  attain  the  accelerated  supply  levels  for  each  fuel,  and  to  meet  even 
the  less  ambitious  production  rates  of  the  base  case,  the  institutional 
bottlenecks  will  need  to  be  overcome  and  project  decisions  reached  much  more 
quickly.  Our  estimates  under  the  base  case  alone  imply  the  addition  of 
15  new  refineries  and  hundreds  of  new  powerplants  (See  Table  II-5).  The 
number  '^f  coal -fired  plants  is  less  in  the  accelerated  case  since  more  nuclear 
and  geothermal  power  and  less  expensive  oil  become  available  for  electric 
generation.  The  present  regulatory  framework  and  the  financial  problems  of 
utilities  may  reduce  the  number  of  new  plants  constructed. 

T?^le  II-5 

Selected  Additional   Facilities  Required   by  1985  Under  the  Base 

Case  and  Accelerated  Supply  Scenarios 

Base  Case                            Accelerated  Supply 
New                                                 New 
Type                                  Projected        Facilities          Projected         Facilities 
'"^cility Capacity  Required Capacity  Required 

Refineries*  16.6  MBD  15  16.6  MBD  15 

Electric  Generating 

-Nuclear**  204,000  MW  183  240,000  MW  219 


-Coal***!/  366,000  MW  365  307,000  MW 

-Combustion****  189,000  MW  312  186,000  MW 

(Gas  Turbine 

combined  cycle, 

etc.) 


255 
306 


♦Typical   Facility  200,000  barrels  per  day 

**Typical   Facility  1000  MW 

***Typical    Facility  800  MW 

****Typical   Facility  500  MW 

1/     Assumes  retirement  and  replacement  of  existing  facilities  at  a  rate 
of  three  percent  a  year  of  existing  capacity. 
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Alaska:     Assuming  the  validity  of  current  reserves  estimates  and  a  continued 
or  increased  pace  of  geophysical   exploration,  Alaska  will   be  a  sizeable  source 
of  both  oil   and  natural   gas  by  1985  under  the  BAD  case  and  especially  under 
the  Accelerated  Supply  Case.     Under  accelerated   supply  conditions,   for 
example,  production  could   be  as  high  as  5.3  million   barrels  per  day  for  oil 
and  5.3  trillion  cubic  feet  per  year  for  gas.      Were  this  production  to  be 
attained,  Alaska  would  account  for  about  one-fourth  of  all   U.S.   oil   and 
gas  production   by  1985   (See  Table   II-6  for  oil    production  figures). 

Table  II-6 

Potential   Alaskan  Oil    Production   in  1985 

(Millions  of  Barrels  Per  Day) 

1974  1985  1985 

Alaskan  Region  Production  Base  Case  Accelerated   Supply 

North  Slope  -  Prudhoe  Bay  0  2.5  2.5 

NPR-4  0  0  2.0 

South  Alaska  0^  0^  0.8 

TOTAL  0.2  3.0  5.3 

The  implications  of  these  production  possibilities  are  immense. 
Developing  oil   and  gas  production   to  these  levels  would   likely  require  another 
48-inch  oil    pipeline;   two  gas  pipelines;  and  depending  on  the  routes  chosen, 
sizeable  numbers  of  tankers.      Both  Trans-Alaska  and  Mackenzie  Valley  pipe- 
line routes  may  well    be  used.     Moreover,   the  development  of  the  Alaskan  CCS 
area  would  require  additional    transportation  facilites.     Certain  processing 
facilities  could   be  required  for   both  the  North  Slope  and  the  OCS:     at  a 
minimum,   some  gas  processing  and  additional   LNG  facilities  would   be  needed. 
Moreover,  a   heavy  investment   in   supplier  and   infrastructure  facilities,   pri- 
marily internal    transportation,   would   be  required  to   support  these  energy 
industry  investments.     This  development  of  Alaskan  resources  would,   however, 
have  to  take  full  account  of  environmental   considerations. 

Some  risk  of  damage  to  the  human  and  natural   environment   is  an   inseparable 
part  of  almost  any  energy  development  activity.      In  Alaska,   these  risks  are 
especially  high.     Most  of  Alaska   is  a  pristine  wilderness  characterized 
by  permafrost,  fragile  terrain,   very  low  temperatures,    severe  winter  weather, 
and  is  subject  to  earthquakes.     Offshore  and  onshore  developnent,   especially 
transportation,   involve  greater  risks  than  those  encountered   in  most  other 
oil   and  gas  producing  areas.      Economic  development  of  Alaska's  petroleum  and 
other  mineral    resources  will   change  the  face  and  way  of  life   in  Alaska,   even 
if  it  were  undertaken   in  an  environmentally  sound  manner,     for  example, 
roads  to  service  pipelines  will   open  up  vast  areas  of  Alaskan  wilderness  to 
hunters,  fishermen,   and  other  recreational   developments. 
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The  problem   in  the  context  of  Project   Independence   is  how  to  develop  the 
vast  oil   and  gas  supplies  in  Alaska  and  their  required  processing  and  trans- 
portation facilities   in  a  timely  and  environmentally  acceptable  manner. 
The  Federal  Government  has  an   immediate  and  major  responsibility  for 
addressing  this  problen,  not  only  because  of  the  size  of  the  contribution 
Alaskan  resources  can  make  toward  increased  self-sufficiency  bv  1985.  but 
because  of  the  Federal  Government's  land  management  obligation,    its  control 
of  NPR-4,   its  regulatory  function,  and   its  special   relationshio  with  the 
Alaskan  native  population. 

Emerging  Technologies:     The  emftrqinq  energy  technoloqies   (shale  oil. 
synthetic  fuels  from  coal,  geothermal   and  solar  power)  will   not  have  a 
major  input  to  the  Nation's  energy  resources  until   at  least  the  1985-1990 
time  period.     This  finding  takes   into  account  the  current  status  of 
these  energy  technologies;   their  need  for  additional   engineering  development; 
economics;  and  the  leadtime  involved  once  engineering  development   is  com- 
pleted,  before  major  energy  production  levels  can  be  obtained.     The  extent 
that  these  emerging   technologies  will    be  viable  sources  of  energy  beyond 
the  Project   Independence  timeframe  will    largely  depend  on  the  advances  that 
will    be  made   in  the  next  5-7  years,   the  prices  of  competing  fuels,   and  the 
commitment  to  their  long-range  use. 

Outer  Continental    Shelf   (PCS):     The  Outer  Continental    Shelf   is  a 
major  source  of  oil     that  will    keep  domestic   production  from  rapid  decline 
and  reduce  our  dependence  on  foreign  oil.     The  OCS  could  produce  3.1  MMBD  and 
5.1   MMBD  at  $11   prices  in  the  Base  and  Accelerated  Supply  Cases, 
respectively,   in  1985   (See  Table   II-7). 

Table  1 1-7 
Potential   OCS  Oil    Production  at  $11    Imported  Oil 
(Millions  of  Barrels/Day) 


1973 

1985 

Actual 

BAU 

AD 

Alaska. 

OCS 

0.2 

0.5 

0.8 

Pacific 

(Excl   Al 

aska) 

0.1 

0.5 

1.3 

Atlantic 

0 

0 

0.5 

Gulf  of  Mexico 

1.3 

2.1 

2.5 

TOTAL  1.6  3.1  5.1 
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These  projected  production  increases  will  depend  on  the  rate,   location 
and  timing  of  new  leasing.     The  OCS  is  owned  by  the  public.     It  cannot  be 
developed  by  industry  unless  it  is  made  available  through    Government  leasing 
The  Federal   Government  began   leasing    in  1954  and   has  so  far  leased  about 
10  million  acres  in  over  2,200  tracts.     Nearly  90  percent  of  the  acres 
leased  have  been   in  the  Gulf  of  Mexico. 

There  are  large  areas  of  the  OCS--off  the  Pacific  coast,  off  Alaska, 
and  off  the  Atlantic  coast--that  are  not  presently  leased  that  may  be 
worthwhile  for  exploration  and  drilling.      However,    before  Federal   decisions 
can  be  made  on  the  rate,  location  and  timing  of  additional    leasing,  at 
least  three  concerns  must  be  resolved: 

1.  The  environmental    risks  of  exploration  and  development. 

2.  Protection  of  coastal   State   interests. 

3.  Protection  of  fair  market  return  to  the  public. 

The  Coastal   States  are  concerned  with  the  environmental,   social   and 
economic  effects  of  OCS  development.     There  will   be  certain  adverse 
environmental   effects  associated  with  OCS  drilling  and  production.     These 
effects  will   vary  by  area.     For  example,  development   in  areas  with  extreme 
weather  and   seignic  conditions,   such  as  Alaska,    have  much  greater  risks  of 
environmental   damage  than  other  areas,   and  production  may  be  precluded  or 
seriously  limited.     The  onshore  effects  of  OCS  development  may  be  particularly 
significant.     An   infrastructure  of  maintenance  facilities,   refineries, 
petrochemical   plants,  construction,   and  supporting  services  may  result  from 
nearby  OCS  production. 

Since  production  potential    in  frontier  areas  is  highly  uncertain  until 
drilling  actually  occurs  and   since  environmental    baseline   studies  may  be 
needed  before  development  begins,  a  policy  of  large-scale  exploration  of 
the  OCS  may  be  desirable. 

It   is  possible  that  accelerated   leasing,   while   it  will    raise  total    bonuses, 
will   reduce  the  average   bonus  bid   per  acre.     On  the  other  hand,  accelerated 
leasing   should  mean  that  more  tracts  receive  few  bids  and  lower  bids  per  tract, 
and  hence  there   is  a  threat  to  the  leasing  goal   of  a  return  of  fair  value 
to  the  public.     This  threat  can  be  reduced  by  taking  steps  to  ma.intain 
competition   in  the  lease  sale.      Specific   steps  to  stimulate  competitive 
bidding  could   include  a   ban  on  joint  bidding  among  major  producers,  more  rapid 
disclosure  of  geological   and  geophysical    information  and  the  maintenance  of 
a  stringent  system  of  determining   minimum  bids  below  which  the  lease  will   not 
be  issued. 
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Natural  Gas  Deregulation.  Another  difficult  institutional  issue  is  the 
regulation  of  natural  gas  prices  at  the  wellhead.  Since  1960,  the  FPC  has 
used  the  "area  pricing"  concept  for  setting  procedures'  rates.  Ceiling 
prices  are  established  in  each  of  the  major  gas  producing  areas  for  gas  sold 
in  interstate  commerce.  In  determining  area  rates  the  FPC  has  used  the 
historical,  utility  type  cost-of-service  approach. 

These  regulatory  standards  have  provided  incentives  to  producers,  faced 
with  rising  costs,  to  seek  other  investments.  Gas  wells  drilled  in  the  United 
States  declined  from  5,262  in  1960  to  3,679  in  1971.  This  has  contributed  to 
a  steady  decline  in  the  availability  of  new  gas  supplies  and  reserve  additions. 
Artifically  low  prices  for  natural  gas  have  resulted  in  excess  demand  and 
reduced  supply,  causing  a  serious  gas  shortage.  Most  pipelines  and  distrib- 
utors have  curtailed  gas  service. 

The  prospect  for  increased  natural  gas  supplies  is  not  encouraging.  If 
the  current  field  price  of  natural  gas  for  interstate  use  is  maintained,  the 
total  wellhead  production  in  1985  should  decline  by  over  six  trillion  cubic 
feet  per  year  from  1974  levels  (a  decline  of  almost  30  percent).  In  addition, 
the  share  of  total  gas  used  in  interstate  markets  could  decline  from  60  per- 
cent to  40  percent.  At  the  other  extreme,  if  natural  gas  prices  are  deregulated, 
production  would  rise  from  1974  levels  and  be  almost  50  percent  higher  in  1985 
than  the  regulated  case.  While  the  effects  of  price  regulation  does  not  impact 
associated  dissolved  gas,  it  has  major  impacts  on  non-associated  gas.  Synthetic 
pipeline  gas  from  coal  will  cost  about  $2.00  per  thousand  cubic  feet  and  would 
not  be  economic  if  sufficient  supplies  of  natural  gas  were  available  at 
deregulated  prices. 
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CRUDE  OIL 


Background 

The  first  commercial  well  in  the  United  States  was  drilled  at  Titusville, 
Pennsylvania,  in  1859.  For  the  next  30  years  the  United  States  was  virtually 
the  world's  only  source  of  crude  oil  and  refined  products  -  the  principal 
product  being  illuminating  oil.  By  the  turn  of  the  century,  United  States  oil 
production  increased  to  nearly  60  million  barrels  annually. 

By  World  War  I,  oil  production  had  expanded  into  16  states.  Drilling 
and  refining  technology  developed  rapidly  and  many  companies  emerged  in  this 
period,  as  competition  was  aided  by  court  actions  to  dissolve  the  Standard 
Oil  trust.  In  the  years  between  the  World  Wars,  oil's  growth  continued, 
enhanced  by  expanding  requirements  for  gasoline,  and  was  interrupted  only  by 
the  depression. 

Fears  of  "running  out  of  oil"  were  expressed  in  the  early  1920's,  and 
American  companies  were  urged  by  the  Government  to  develop  oil  production 
abroad  to  augment  domestic  supplies.  These  circumstances  were  reversed  within 
a  decade.  When  depression-limited  demand  coincided  with  the  development  of 
the  east  Texas  field  in  1930  and  other  large  fields  soon  after,  the  problem 
became  one  of  management  of  surplus  oil  production.  As  a  result  of  these 
circumstances  oil  production  was  concentrated  in  large,  vertically  integrated 
companies,  and  States  became  regulators  and  conservers  of  crude  oil  production. 
State  regulatory  agencies  began  to  control  well  spacing,  to  restrict  production 
to  maximum  efficient  rates  to  prevent  reservoir  damage,  and  to  prorate  well 
production  on  the  basis  of  market  demand. 

At  the  close  of  World  War  II,  capacity  was  barely  sufficient  to  meet 
market  demand.  By  the  mid-1950's,  spurred  by  strong  demand  and  rising  prices, 
these  lags  had  been  overcome.  Both  oil  reserves  and  the  capacity  to  produce 
oil  far  exceeded  needs,  and  drilling  activity  began  a  decline  that  lasted  a 
decade  and  a  half.  As  a  consequence,  the  rate  of  reserve  additions  slowed; 
and  10  years  later  new  annual  additions  to  both  oil  and  gas  reserves  became 
insufficient  to  replace  production,  and  production  began  to  decline. 

Production  peaked  in  1970,  reserves  have  fallen  each  year  since  1966, 
and  drilling  effort  has  only  recently  reversed  its  long-term  downward  trend. 
Only  the  discovery  of  the  Prudhoe  Bay  field  in  the  Alaskan  North  Slope  was 
a  major  exception  to  this  trend. 

With  foreign  oil  available  at  costs  far  below  those  of  domestic  production, 
the  major  international  oil  companies  greatly  expanded  production  in  foreign 
areas.  Concerned  over  the  national  security  aspects  of  rising  imports  and  a 
deteriorating  domestic  industry,  the  Federal  Government  encouraged  voluntary 
import  restrictions  under  1955  and  1957  programs.  When  these  did  not  stem 
the  rising  tide  of  imports.  President  Eisenhower,  in  1959,  invoked  the 
national  security  provision  of  the  Trade  Agreement  Extension  Act  to  establish 
mandatory  oil  import  quotas. 
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Although  this  import  quota  program  provided  the  domestic  petroleum 
industry  a  measure  of  price  protection  from  foreign  competition,  other  policies 
and  market  demand  prorationing  limited  the  capacity  that  was  used.   Indeed, 
the  United  States  was  dependent  on  foreign  sources  for  19  percent  of  its  oil 
supplies  in  1959;  by  1970,  this  dependence  had  grown  to  26  percent.  Con- 
sumption of  petroleum  rose  from  6.5  million  barrels  per  day  in  1950  to  14.7 
million  barrels  per  day  in  1970,  an  average  compounded  growth  rate  of  4.2  per- 
cent (see  Figures  II-l  and  II-2  for  trends  in  petroleum  consumption).  A 
large  part  of  the  increased  imports  (more  than  40  percent)  was  in  residual 
fuel  oil,  which  was  effectively  decontrolled  in  1966. 

As  the  domestic  oil-producing  industry  approached  capacity  operations, 
periodic  modifications  were  made  in  the  import  quota  levels  in  order  to 
provide  enough  oil  to  meet  domestic  needs.  On  April  18,  1973,  the  President 
suspended  the  mandatory  oil-import  control  program,  replacing  it  with  a  system 
of  license  fees  that  escalate  over  time.  The  license  fee  program  is  designed 
to  support  the  long-term  restoration  of  domestic  capacity,  particularly  in 
refining,  while  providing  for  the  near-term  need  for  access  to  imported  oil 
supplies. 

In  1559,  a  major  oil  spill  in  the  Santa  Barbara  Channel  and  another  on 
the  Gulf  Coast  directed  attention  to  the  environmental  risks  of  offshore 
production.  As  a  result,  the  Department  of  the  Interior  suspended  the  leasing 
of  OCS  acreage,  pending  development  of  operating  procedures  and  regulations 
to  minimize  the  potential  for  future  significant  environmental  damage.  The 
delays  in  OCS  leasing  have  affected  c1l  production,  as  about  one-third  of  the 
recoverable  oil  remains  to  be  discovered,  and  many  of  the  most  favorable  pros- 
pects for  oil  and  gas  production  are  believed  to  exist  in  the  Federally  con- 
trolled OCS.  A  10  million  acre  leasing  ■irogram  is  now  planned  for  1975. 

Methodology  and  Assumptions 

Future  supplies  of  oil  will  be  determined  by  four  fundamental  factors: 

°  The  amount  of  oil  resources  remaining  to  be  found. 

Our  success  in  finding  the  remaining  supply. 
°  Our  ability  to  recover  (produce)  what  is  found. 

The  costs  of  the  necessary  exploration  and  production  efforts. 
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Future  oil  production  and  prices  were  estimated  for  each  of  the  12 
National  Petroleum  Council  (NPC)  regions.   (See  Figure  II-3  ).  The  model 
used  for  these  calculations  was  an  updated  version  of  an  NPC  model  developed 
to  produce  a  report  on  production  for  the  Department  of  the  Interior.  1' 
A  manual  procedure  similar  to  that  applied  for  the  NPC  regions  was  used  to 
analyze  the  Alaskan  North  Slope  (including  NPR  #4),  NPR  #1,  military  reser- 
vations in  the  Gulf  of  Mexico  and  California,  tar  sands,  and  heavy  hydrocarbons. 

Methods  used  to  estimate  oil  supply  at  a  range  of  prices,  for  both  BAU 
and  AD  scenarios,  can  be  briefly  sutmarized.  First,  optimistic  estimates  of 
annual  exploratory  drilling  footage  were  developed  for  each  region.  These 
footaqes  were  multiplied  by  projected  finding  rates  (barrels  of  oil  found 
per  exploratory  foot  drilled)  to  estimate  discoveries  of  oil-in-place. 
Estimated  recovery  factors  were  then  applied  to  calculate  the  volume  of  oil 
recoverable  by  primary  method.  It  was  assumed  that  annual  production  from 
proven  reserves  would  be  a  constant  fraction  of  the  remaining  reserves.  The 
total  footage  required  to  process  and  fully  develop  these  reserves  was  cal- 
culated by  applying  appropriate  ratios  to  the  amount  of  exploratory  footage 
drilled.  All  of  these  estimates  varied  by  producing  regions,  taking  into 
account  the  unique  characteristics  of  each. 

Increments  to  the  proven  reserves  were  added  at  5-  and  10-year  intervals 
to  allow  for  secondary  recovery.  The  extent  of  the  secondary  recovery  at 
each  interval  was  estimated  by  taking  into  consideration  the  magnitude  of  the 
primary  recovery,  along  with  the  ultimate  recovery  potential  in  each  region. 
Tertiary  recovery  was  similarly  estimated,  except  that  only  one  phase  of 
tertiary  recovery  was  included  in  the  15-year  interval  of  projection.  For 
new  fields,  the  first  phase  of  the  tertiary  recovery  was  assumed  to  occur 
10  years  after  the  initial  discovery  of  oil. 

It  was  assumed  that  exploration  and  development  projects  in  a  particular 
region  would  be  undertaken  only  if  economically  viable.  Economic  viability 
was  determined  by  using  the  discounted  cash  flow  method  to  calculate  minimum 
acceptable  prices  per  barrel  of  oil  needed  to  attain  a  specified  rate  of 
return.  The  following  major  assumptions  were  used: 

°    A  10-percent  required  rate  of  return  was  used. 

°  Cash  bonuses  and  rentals  on  leases  were  treated  as  economic  rents 

and  excluded  as  items  of  cost. 
°     Production  declines  exponentially  in  accord  with  a  depletion  factor 

or  decline  rate. 
"  The  life  of  primary  projects  is  30  years,  of  secondary  projects  is 

25  years,  and  of  tertiary  projects  is  20  years. 

Investments,  direct  and  indirect  expenses,  taxes,  and  deductions  were  esti- 
mated in  relation  to  drilling  footage  and  number  of  wells  for  primary  projects, 
and  to  production  for  the  secondary  and  tertiary  projects. 

1/  U.  S.  Energy  Outlook,  National  Petroleum  Council,  December,  1972. 
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Decisions  on  the  feasibility  of  secondary  projects  depended  on  under- 
taking a  primary  project.  If  the  required  price  per  barrel  of  a  secondary 
project  was  found  to  be  lower  than  the  required  price  of  its  related  primary 
project,  primary  and  secondary  were  evaluated  jointly  in  calculating  their 
minimum  acceptable  price.  If  the  required  price  for  secondary  was  greater 
than  for  its  primary  project,  the  secondary  project  was  evaluated  independently. 

To  obtain  the  regional  supply  estimates  for  each  year  and  at  various 
minimum  acceptable  prices,  the  yearly  productions  from  all  the  primary,  sec- 
ondary, and  tertiary  projects  found  to  be  economically  viable  were  aggregated. 

The  principal  differences  between  the  BAU  and  the  AD  scenarios  are  the 
assumptions  that  were  made  about  Government  policies  on  natural  gas  price 
regulation,  OCS  leasing,  and  Naval  Petroleum  Reserves.  The  BAU  case  assumed 
the  economic  regulation  of  natural  gas  prices  where  the  prices  are  allowed 
to  rise  to  clear  the  market.   These  prices  were  calculated  in  the  supply- 
demand  balancing  analysis  and  the  revenues  from  associated-dissolved  gas  were 
credited  to  the  minimum  acceptable  price  for  oil. 

Leasing  of  OCS  lands  was  limited,  in  the  BAU  scenario,  to  levels  con- 
sistent with  the  latest  published  Bureau  of  Land. Management  (BLM)  schedules. 
Drilling  activity  consistent  with  these  leasing  levels  and  with  recent  regional 
drilling  trends  was  projected  at  63  million  exploratory  feet  for  the  1974  to 
1988  period.  Under  the  AD  scenario,  the  availability  of  OCS  lands  did  not 
limit  drilling  activity.  Under  these  conditions,  drilling  was  assumed  to  be 
limited  by  the  availability  of  resource  and  economic  extraction  rates.  Pro- 
jected oil  discoveries  were  constrained  to  75  percent  of  the  ultimate  recover- 
able resources  estimated  by  the  NPC  for  each  OCS  region.  This  constraint 
resulted  in  a  cumulative  exploratory  drilling  assumption  of  IIQ  million  feet 
in  OCS  areas  for  the  15-year  drilling  period,  other  than  drilling  in  military 
reservations. 

Under  BAU  conditions,  royalties  on  offshore  leases  were  assumed  to  remain 
at  the  existing  one-sixth  rate.  Under  the  AD  scenario,  it  was  assumed  that 
these  royalties  would  be  reduced  to  the  statutory  minimum  of  one-eighth. 

No  development  of  Federally  owned  petroleum  reserves  was  assumed  under 
BAU  conditions.  Under  the  AD  scenario,  however,  it  was  assumed  that  develop- 
ment would  occur  in  Naval  Petroleum  Reserve  *1  (Elk  Hills,  California),  Naval 
Petroleum  Reserve  *4  (North  Slope,  Alaska),  and  military  reservations  in  the 
Gulf  of  Mexico  and  California  OCS. 

Advanced  technology  was  assumed  to  increase  substantially  in  the  AD 
scenario  over  BAU  levels,  particularly  in  relation  to  enhanced  recovery.  Under 
AD  conditions,  the  tertiary  recovery  factor  was  increased  33  percent  over  BAU 
assumptions.  Finally,  each  scenario  assumes  that  there  will  be  no  limitations 
on  the  availability  of  capital,  manpower,  materials  or  transportation. 
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Major  Findings 

The  analysis  was  focused  on  developing  estimates  of  production  possi- 
bilities at  various  minimum  acceptable  prices.  The  following  are  the  major 
task  force  findings: 

1.   Because  of  the  long  lead  times  required  to  bring  new  petroleum 
fields  into  production,  domestic  production  of  crude  and  natural  gas 
liquids  (NGL)  will  continue  to  decline  for  the  next  few  years, regard- 
less of  higher  prices  or  policies  designed  to  encourage  exploration. 
At  minimum  acceptable  prices  i'  of  $4  a  barrel  or  less,  production 
could  continue  to  decline  throughout  the  forecast  period,  even  with  new 
production  from  the  OCS  and  Alaska.  Even  the  development  of  NPR  1  (Elk 
Hills)  and  extensive  OCS  leasing  could  increase  production  by  only  about 
one  million  barrels. 

Under  both  BAU  and  AD  assumptions,  minimum  acceptable  prices  of  $7 
or  higher  would  reverse  the  downward  production  trend.  At  $7  and  $11  a 
barrel,  respectively,  production,  under  the  BAU  scenario,  would  increase 
to  11.1-12.2  million  barrels  a  day  by  1980,  and  to  11.9-15.0  million 
barrels  a  day  by  1985, exceeding  the  all-time  high  production  of  11.3 
million  barrels  a  day  reached  in  1970.  (see  Table  II-8  for  crude  oil 
and  natural  gas  liquids  estimates): 

Table  II-8 
Summation  of  Unconstrained  Regional  Production  Possibilities  for 
Crude  Oil  and  Natural  Gas  Liquids 
(Million  barrels  per  day) 

Business-As-Usual 


Minimum  Acceptable 
Price  Per  Barrel 

1974 

1977 

1980 

1985 

$ 

4 

7 

11 

10.5 
10.5 
10.5 

9.0 
9.5 
9.9 

9.8 
11.1 
12.2 

9.8 
11.9 
15.0 

Accelerated  Development 

$ 

4 

7 

11 

10.5 
10.5 
10.5 

9.7 
10.2 
10.3 

11.1 
12.9 
13.5 

11.6 
16.9 
20.0 

1/  Defined  as  exploration  and  production  costs  plus  royalty  and  10  per- 
cent after  tax  discounted  cash  flow  from  investment,  but  excluding 
lease  acquisition  cost  and  rental.  These  rents  were  evaluated  after 
market  clearing  prices  were  determined. 
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2.  At  $11  per  barrel  oil,  domestic  onshore  production  would  increase 
slightly  under  both  BAU  and  AD  assumptions.  Almost  half  of  the  onshore 
production  would  be  from  new  secondary  and  tertiary  recovery,  while 
conventional  and  new  primary  fields  would  decline  considerably  from 
1974  levels. 

The  major  new  source  of  oil  in  these  projections  is  Alaska.  Under 
BAU  assumptions,  Alaska  would  provide  3  million  barrels  per  day,  mainly 
from  the  North  Slope  fields.  If  development  of  the  Naval  Petroleum 
Reserves  is  allowed,  an  additional  2  million  barrels  per  day  could  be 
produced.  The  increased  development  in  Alaska  will  shift  the  focus  of 
United  States  cil  production:  Alaska  could  produce  20-25  percent  of  our 
oil  by  1985,  although  it  now  accounts  for  less  than  2  percent. 

The  1985  projections  also  indicate  substantial  increases  in  lower 
48  OCS  production.  Although  production  could  increase  about  1.2  million 
barrels  per  day  under  BAU  assumptions  (two-thirds  of  the  increase  from  the  Gl 
of  Mexico),  OCS  production  could  reach  4.3  million  barrels  per  day 
(300  percent  increase)  under  AD  conditions.  The  major  sources  of  this 
increase  would  be  the  offshore  California  and  Atlantic  fields.  Consider- 
able opposition  to  leasing  in  these  areas  could  be  expected  (See 
Table  11-9  for  a  detailed  description  of  potential  production  levels). 

3.  If  production  increases  to  15-20  million  barrels  per  day  by  1985, 
this  level  of  production  could  not  be  maintained  indefinitely  at  these 
prices,  as  oil  reserves  at  these  prices  would  soon  peak.  Thus,  in 
addition  to  potential  constraints  toward  achieving  these  levels  of  pro- 
duction, the  non-renewable  nature  of  these  resources  should  be  considered. 

4.  At  a  minimum  acceptable  price  of  $7  a  barrel,  under  the  BAU  scenario, 
almost  40  billion  barrels  of  petroleum  liquids  would  be  produced  from 
1974  to  1985.  This  is  almost  equal  to  the  48  billion  barrels  of  proved 
and  indicated  additional  reserves  of  oil  and  natural  gas  liquids  reported 
at  the  end  of  1973  by  the  American  Petroleum  Institute.  However,  under 

AD  conditions  and  at  a  price  of  $11  a  barrel,  cumulative  production 
between  1974  and  1985  would  be  over  50  billion  barrels.  These  production 
figures  imply  that  huge  additions  to  reserves  would  be  needed  in  this 
time  period.  These  additional  reserves  would  about  equal  the  most  con- 
servative estimates  of  undiscovered  recoverable  oil  in  the  United  States, 
although  they  would  still  be  less  than  NPC  estimates. 

The  uncertainties  inherent  in  estimating  future  petroleum  production 
(especially  uncertainties  having  to  do  with  the  magnitude  of  undiscovered 
resources  in  as  yet  totally  unexplored  provinces  and  the  finding  rate  per  foot 
of  exploratory  drilling)  are  so  great  that  numerical  estimates  of  this  type 
are  highly  speculative. 
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Table  II-9 

Potential  Rates  of  Domestic  Oil  Production 

(Millions  of  barrels  per  day,  at  $11  oil) 


BAU 

AD 

Production  Area 

1974 

1985 

1985 

Onshore  -  Lower  48  States 

8.9 

9.1 

9.9 

°   Conventional  fields  and 

new  primary  fields 

6.9 

3.4 

3.5 

°  New  secondary 

— 

2.4 

2.4 

°  New  tertiary 

— 

1.8 

2.3 

°   Natural  gas  liquids 

2.0 

1.5 

1.6 

°   Naval  Petroleum  Reserve 

#1  — 

—  - 

0.2 

Alaska 

0.2 

3.0 

5.3 

°  North  Slope 

— 

2.5 

2.5 

°  Southern  Alaska 

(including  OCS) 

0.2 

0.5 

0.8 

°   Naval  Petroleum  Reserve 

#4  — 

— 

2.0 

Lower  48  Outer  Continental 

Shelf 

1.4 

2.6 

4.3 

°   Gulf  of  Mexico 

1.3 

2.1 

2.5 

°  California  OCS 

0.1 

0.5 

1.3 

°   Atlantic  OCS 

0.5 

Heavy  Crude  Oil  and  Tar  Sands  --- 

0.3 

0.5 

Total  Potential  Production 

10.5 

15.0 

20.0 

Sensitivity  analyses  show  that,  within  a  range  of  reasonable  assumptions, 
different  values  regarding  discount  rates,  financial  costs,  and  finding  rates 
could  affect  the  quantities  produced  at  $4,  $7 'and  $11  per  barrel  in  1985 
by  10  to  40  percent.  Other  assumptions  about  drilling  costs,  effective  depletion 
rates,  and  co-product  prices  would  affect  production  levels  at  these  prices 
by  as  much  as  15  percent. 

Uncertainties  regarding  many  of  the  factors  used  in  the  oil  production 
nwdel  will  be  resolved  only  as  additional  exploration  is  undertaken.  This  is 
especially  important  in  areas  of  high  drilling  and  production  costs,  such  as 
northern  Alaska  and  deeper  parts  of  the  OCS,  where  even  at  high  prices  only 
giant  fields  might  be  economically  feasible.  Other  uncertainties  can  be 
reduced  through  stabilized  government  policies  affecting  petroleum  exploration 
and  development. 
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In  addition  to  the  difficulties  inherent  in  projecting  the  amount  of  futun 
oil  discoveries,  a  number  of  factors  inherent  in  the  model's  assumption 
could  lead  to  significantly  different  conclusions  on  costs  and  production 
levels,  including: 

1.  Competition  for  available  labor,  material,  and  capital.  Although 
the  availability  of  labor,  material,  and  capital  has  been  assumed,  oil  must 
compete  with  other  energy  projects  and  with  the  production  of  non-energy  goods 
and  services  for  these  resources.  The  analysis  of  resource  constraints  is 
discussed  in  Chapter  V. 

2.  Technology.  The  projected  levels  of  crude  oil  supply  will  depend  on 
utilization  of  secondary  and  tertiary  recovery.  Much  of  the  technology  needed 
to  achieve  those  production  levels  has  not  been  applied  commercially,  though 
its  principles  are  generally  known.  Depending  on  the  technological  success 

of  oil  recovery,  different  production  rates  and  costs  could  result.  These 
technological  successes  may  require  government  support,  responsiveness  of 
private  sector  research  to  higher  oil  prices,  and  engineering  achievtments, 

3.  Access  to  resources.  The  rederal  Government  controls  perhaps 

40  percent  of  the  remaining  producible  oil.  The  Government  makes  this  acreage 
available  for  exploration  and  development  with  consideration  of  environmental 
and  jurisdictional  questions.  The  terms  under  which  Government  lands  are 
made  available  affect  the  availability  of  capital,  the  rate  at  which  lease 
areas  are  explored  and  produced,  and  the  percent  of  oil-in-place  ultimately 
recovered.  State  regulations,  such  as  those  relating  to  utilization  and 
well  spacing,  may  also  influence  production  rates,  recoveries,  and  costs. 

4.  Government  price  and  fiscal  policies.  Government  pricing  and  fiscal 
policies  also  affect  production  levels.  Depletion  allowances,  tax  rates, 
and  fiscal  uncertainty  could  constrain  investments. 

5.  Environmental  considerations.  All  extraction, ininufacturing,  and 
distribution  processes  affect  the  quality  of  the  environment.  The  production 
of  oil  is  no  exception;  any  production  level  involves  some  direct  and  indirect 
environmental  change.  Oil  spills  can  affect  the  marine  environment  and 
create  aesthetic  problems.  The  development  of  petroleum  production  also  has 
social  and  economic  implications,  expecially  in  frontier  areas.  The  Alaskan 
North  Slope,  with  its  fragile  ecology  and  unpopulated  areas,  presents  a 
particular  set  of  problems.  Its  abundance  of  resources  suggests  that  an 
extraordinary  effort  is  needed  to  minimize  environmental  impact.  The  environ- 
mental aspects  of  oil  development  are  discussed  in  greater  detail  in  Chapter  IV, 
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NATURAL  GAS 


Natural  gas  is  primarily  methane,  the  most  basic  hydrocarbon.   It  is 
often  found  associated  with  oil  in  the  same  geologic  formations,  but  is  also 
found  in  geologic  structures  by  itself.  Its  primary  use  is  as  a  clean- 
burning  fuel,  but  it  is  also  used  as  a  petrochemical  feedstock. 

Background 

The  first  natural  gas  well  was  put  into  production  in  1821  in  Fredonia, 
New  York.  The  discovery  of  oil  in  the  U.S.  in  1859  began  a  search  that 
resulted  in  the  discovery  of  large  quantities  of  natural  gas  as  well  a 
supply  for  which  there  was  no  ready  market  at  the  time.  Thus,  the  gas  was 
flared  as  a  part  of  the  process  of  extracting  oil  from  the  ground.  But  once 
the  possible  uses  and  advantages  of  natural  gas  were  discovered,  it  quickly 
replaced  manufactured  gas. 

The  first  large-scale  use  of  natural  gas  was  in  the  manufacture  of 
steel  and  glass  in  plants  located  in  Pittsburgh.  Initially,  the  use  of  gas 
was  confined  to  areas  near  gas  or  oil  fields,  but  the  development  of  long- 
distance gas  transmission  systems  in  the  1930' s  broadened  its  market.  During 
World  War  II,  the  war  effort  slowed  down  growth  of  gas  pipeline  and  distri- 
bution systems.  After  the  war,  however,  the  availability  of  abundant  supplies 
of  natural  gas--most  of  it  found  in  the  search  for  oil --and  improved  quality 
of  pipe  for  high-pressure,  long-distance  delivery  enabled  the  gas  utility 
industry  to  expand  rapidly  and  widely.  Marketed  gas  production  increased 
from  four  trillion  cubic  feet  (TCF),in  1946, to  eight  TCP  by  1952,  and 
continued  to  grow  at  a  6.5  percent  average  annual  rate  in  the  1950's  and  1960's, 

Natural  gas  now  represents  about  one-third  of  the  total  energy  consumed 
by  the  Nation  and  almost  one-half  of  the  non-transportation  uses--an  amount 
twice  that  supplied  by  either  oil  or  coal.  One-half  of  the  gas  is  used  for 
residential  and  commercial  purposes,  one-sixth  for  the  generation  of  elec- 
tricity, and  one-third  for  industrial  uses  (See  Figure  II-4  for  natural  gas 
utility  sales  trends). 

In  the  1970's,  the  demand  for  gas  has  exceeded  its  supply.  Many  gas 
distribution  companies  have  found  it  necessary  to  deny  gas  service  to  new 
customers  and  to  enforce  contracts  for  interruptible  gas  sales.  Additionally, 
the  Federal  Power  Conmission  has  set  priorities  on  gas  use. 

The  Natural  Gas  Act  of  1938  gave  the  Federal  Power  Commission  authority 
to  regulate  interstate  pipelines  and  natural  gas  imports  and  exports.   In 
1954,  in  the  landmark  Phillips  Petroleum  case,  the  U.S.  Supreme  Court  held 
that  a  firm  which  produces  and  gathers  gas  and  sells  it  to  a  pipeline 
company  is  a  natural  gas  company.  As  a  result,  the  FPC  began  regulating 
the  wellhead  prices  at  which  gas  was  sold  in  interstate  commerce. 
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Figure  11-4 

GAS  UTILITY  INDUSTRY  SALES  BY  CLASS 
OF  SERVICE 


1935     1940     1945      1950    55 
SOURCE:  GAS  FACTS 


1965  70    71    72 

REFERENCE:   TABLE  5 
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The  approach  for  establishing  producer's  prices  is  based  primarily  on 
historical  average  industry  costs.  Drilling  and  exploration  costs,  on  the 
one  hand,  have  increased  considerably  in  recent  years;  the  cost  per  foot  of 
a  gas  well  increased  57  percent  between  1961  and  1971.  But  the  average 
price  of  gas,  on  the  other  hand,  rose  by  only  about  20  percent  (Table  11-10 
shows  production  and  pricing  trends).  This  price  lag  has  impacted 
drilling  and  resulted  in  the  erosion  of  gas  reserves. 

Proved  gas  reserves,  the  current  estimated  quantity  of  natural  gas  that 
can  be  reasonably  recovered  under  existing  economic  and  operating  conditions, 
grew  from  147  TCF  in  1945  to  a  peak  of  293  TCF  in  1967.  Since  we  are  con- 
suming 2  to  3  times  as  much  natural  gas  as  we  are  finding  in  the  continental 
United  States,  proved  reserves  have  declined  from  1967, and  were  250  TCF  in 
1973.  Natural  gas  production  grew  from  4.8  TCF  per  year  in  1945  to  22.7  TCF  per 
year  in  1971,  but  has  now  leveled  off  at  between  22  and  23  TCF  per  year 
(See  Figure  II-5  ). 

Methodology  and  Assumptions 

Future  production  possibilities  -and  corresponding  minimum  acceptable 
pricesl/  were  estimated  for  non-associated  gas  and  natural  gas  liquids  in 
each  of  the  12  regions  defined  by  the  National  Petroleum  Council  (NPC). 
An  adaptation  of  the  NPC's  natural  gas  supply  computer  program  was  utilized 
in  the  analysis. 

There  were  several  modifications  made  to  this  program, including  develop- 
ment of  a  new  section  to  calculate  minimum  acceptable  price,  using  a  dis- 
counted cash  flow  technique,  and  extensive  updates  and  revisions  to  the 
data  base  through  1973  to  reflect  recent  trends  in  critical  variables.  Some 
special  sources  of  gas  -  Alaska,  gas  from  tight  formations,  and  gas  occluded 
in  coal  seams  -  were  not  amenable  to  inclusion  in  the  computer  program  and 
were  therefore  analyzed  independently. 

The  detailed  methodology  used  to  estimate  natural  gas  supplies  is  very 
similar  to  that  used  by  the  Oil  Task  Force.  The  most  important  assumptions 
common  to  both  Business-As-Usual  (BAU)  and  Accelerated  Development  (AD) 
scenarios  are: 

°  A  10  percent  after-tax  rate  of  return  on  investment 

°  A  depletion  allowance  of  22  percent 

Cash  bonuses  and  rentals  on  leases  are  economic  rents  and  therefore 
excluded  as  cost  items 

1/  uennea  as  exploration  and  production  costs  plus  royalty  and  10  percent 
after-tax  discounted  cash  flow  from  investment,  but  excluding  lease 
acquisition  cost  and  rentals.  These  rents  were  evaluated  after  market 
clearing  prices  were  determined. 
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Figure  11-5 
U.S.  NATURAL  GAS  RESERVES 


1947  48  49  50  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72 

AGA   COMMITTEE  ON   NATURAL  GAS  RESERVES 
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Tahle   II-IO 
Marketed  Production  of  Natural  Gas  and  Average  Wellhead  Price 
1945-1972 


MARKETED 

PRODUCTION 

AVERAGE 

MILLIONS  OF 

TRILLIONS  OF 

WELLHEAD  PRICE 

YEAR 

CUBIC  FEET 

BTU 

(CENTS  PER  MCF) 

1945 

4,049,002 

4,481.7 

4.9 

1950 

6,282,660 

6,753.0 

6.5 

1951 

7,457,359 

8,016.7 

7.3 

1952 

8,013,457 

8,614.5 

7.8 

1953 

8,396,916 

9,026.7 

9.2 

195U 

8,742,646 

9,398.2 

10.1 

1955 

9,405,351 

10,110.4 

10.4 

1956 

10,081,923 

10,838.2 

ID.  8 

1957 

10,680,258 

11,481.0 

11.3 

1958 

11,030,248 

11,857.5 

11.9 

1959 

12,046,115 

12,919.5 

12.9 

1960 

12,771,038 

13,728.8 

14.0 

1961 

13,254,025 

14,248.1 

15.1 

1962 

13,876,622 

14,917.4 

15.6 

1963 

14,746,663 

15,852.7 

15.8 

196U 

15,462,143 

16,621.8 

15.4 

1965 

16,039,753 

17,242.7 

15.6 

1966 

17,206,628 

18,497.1 

15.7 

1967 

18,171,326 

19,534.2 

16.0 

1968 

19,329,600 

20,771.0 

16.4 

1969 

20,698,240 

22,250.6 

16.7 

1970 

21,920,642 

23,564.7 

17.1 

1971 

22,493,017 

24,180.0 

18.2 

1972 

22,531,698 

24,221.6 

18.6 
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The  third  assumption  is  particularly  important  since  it  results  in  a  definition 
of  minimum  acceptable  prices  different  from  that  generally  used  in  the 
industry;  nevertheless,  the  assumption  was  made  to  facilitate  analysis  and 
provide  consistency  in  comparisons  with  other  energy  sources. 

The  BAU  scenario  assumes  changes  in  the  regulatory  environment  and  projected 
offshore  leasing  at  levels  consistent  with  current  published  Bureau  of  Land 
Management  schedules.  In  the  AD  scenario,  increased  price  incentives  are 
assumed,  and  OCS  areas  are  assumed  available  in  earlier  years.  These 
assumptions  were  reflected  in  the  analysis  as  follows: 

°  Drilling  activity  during  the  1975-1978  period  will  increase  at 
a  5.75  percent  average  annual  rate  under  BAU  conditions,  and  a 
12.2  percent  average  rate  under  the  AD  scenario,  although  later 
rates  of  increase  will  be  less  under  AD  conditions. 

°  Offshore  areas  (California,  Gulf  of  Mexico,  and  Atlantic)  will  account 
for  roughly  20  percent  of  drilling  activity  by  the  mid-1980's  under 
AD  conditions,  compared  with  15  percent  under  the  BAU  scenario. 

°     Royalty  rates  were  1/6  offshore  and  1/8  onshore  under  BAU;  under 
AD  conditions,  they  will  be  the  statutory  minimum  of  1/8. 

°     Economic  regulation  of  natural  gas  prices  where  prices  are  allowed 
to  rise  to  clear  market,  or  deregulation  on  new  gas  supplies. 

Under  the  AD  scenario,  it  was  assumed  reserves  would  be  developed  from 
Naval  Petroleum  Reserve  #4  (Alaska)  for  both  non-associated  and  associated- 
dissolved  gas,  along  with  several  minor  onshore  sources  of  associated- 
dissolved  gas.  R&D  activities  were  assumed  to  result  in  recovery  of  non- 
associated  gas  from  two  minor  special  sources--tight  reservoirs  and  gas-- 
occluded  in  coal . 

Major  Findings 

The  projections  of  production  possibilities  hinge  primarily  on  the  pro- 
jected success  of  the  non-associated  gas  exploration  effort.  The  major  non- 
associated  gas  reserve  additions  are  projected  to  occur  Regions  6  and  6A 
in  and  around  the  Gulf  of  Mexico.  These  areas  will  also  have  fairly  low 
acceptable  selling  prices.  The  Atlantic  OCS  could  have  large  reserve 
increases  by  1985  and  could  surpass  Region  6  after  1985  under  accelerated  con- 
ditions (See  Table  11-11  for  regional  additions  to  reserves).  In  both  the  BAU 
and  AD  scenarios,  total  annual  findings  peak  late  in  the  projection  period 
and  then  begin  to  decline.  This  reflects  projected  drilling  in  both 
scenarios,  and  is  indicative  of  the  depletable  nature  of  this  resource. 
Newly  found  gas  will  come  into  production  at  higher  than  historical  minimum 
prices  as  costs  increase  due  to  the  expansion  of  exploration  and  drillina 
efforts  in  the  face  of  generally  declining  findings  rates  (See  Tables  11-12 
and  11-13  for  increments,  at  various  minimum  price  intervals,  of  non-associated 
and  associated  gas,  respectively). 
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TABLE   11-12 

Total    Non-Associated  Natural 

Gas 

Production  Possibilities 
BAUV 

Price^/ 

1974 

1977 

1980 

1985 

@  40(t 

16.522 

15.222 

13.337 

9.483 

(or  less) 

§  60<t 

16.670 

15.847 

16.028 

16.655 

(or  less) 

@  80(t 

16.670 

16.073 

16.389 

18.139 

(or  less) 

0  $1.00 

16.670 

16.075 

16.394 

18.152 

(or  less) 

g  $2.00 

16.670 

16.075 

16.400 

18.172 

(or  more) 

A[>i/ 


Price 

1974 

1977 

1980 

1985 

0  $0.40 
(or  less) 

16.552 

15.284 

13.652 

9.100 

@  $0.60 
(or  less) 

16.670 

16.029 

17.781 

19.260 

0  $0.80 
(or  less) 

16.670 

16.265 

18.096 

21.344 

0  $1.00 
(or  less) 

16.670 

16.267 

18.103 

21.348 

(a  $2.00 
(or  more) 

16.670 

16.267 

18.110 

21.371 

V  °  Production  projections  are  given  for  the  lower  -^8  states,  Alaska 
and  for  the  natural  gas  from  tight  reservoirs. 

°     Production  is  given  in  trillion  of  cubic  feet. 

°  AD  =  Accelerated  Development 

2/  Prices  are  given  in  cents  per  MCF,  (in  constant  1^73  dollars) 
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TABLE   11-13 

Total  Associated  -  Dissolved  Natural  Gas  Production 

Possibilities  BAui/ 


Minimum 

Acceptable 

Oil  Pricel/  1974  1977       1980       1985 

$  4.00  3.665  3.167      3.546      3.999 

$  7.00  3.665  3.365      4.003      5.824 

$11.00  3.665  3.479      4.328      6.633 

ADi/ 


Minimum  Acceptable 
Oil  Price  ^ 

1974 

1977 

1980 

1985 

$  4.00 

3.665 

3.327 

3.803 

5.190 

$  7.00 

3.665 

3.533 

4.424 

6.357 

$11.00 

3.655 

3.539 

4.553 

7.978 

V  Production  projections  are  given  for  the  lower  48  states  and  Alaska. 

°  AD  =  Accelerated  Development 

°     Production  is  given  in  trillion  of  cubic  feet  per  year 

2J     Minimum  acceptable  oil  price  is  given  in  constant  1973  dollars  per 
barrel,  inasmuch  as  associated--dissolved  natural  gas  is  produced 
in  conjunction  with  crude  oil. 
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The  analyses  lead  to  the  following  conclusions: 

1.  Because  of  the  long  lead-times  required  to  bring  natural  gas 
production  on  stream,  and  because  of  anticipated  declining  finding  rates, 
non-associated  gas  production  from  the  lower  48  states  should  continue 

to  decline  until  nearly  1980,  regardless  of  price. 

2.  At  a  minimum  acceptable  price  of  $1.00  per  MCF  under  BAU 
conditions,  non-associated  marketed  production  could  increase  from  16.7 
TCF  per  year  in  1974  to  18.1  TCF  per  year  in  1985.  The  major  sources  of 
new  gas  would  be  in  the  offshore  and  onshore  Gulf  Coast  region. 

3.  Under  AD  conditions,  at  a  minimum  acceptable  price  of  $1.00 
per  MCF,  marketed  production  could  reach  21.3  TCF  per  year  in  1985. 
Among  the  sources  of  further  increases  in  non-associated  gas  production 
over  the  BAU  case  would  be  the  Atlantic  and  California  OCS. 

4.  Associated-dissolved  gas  production  levels  from  the  lower  48 
states  and  southern  Alaska  OCS  would  depend  significantly  on  oil  prices. 
The  1974  production  levels  of  3.7  TCF  per  year  would  be  reduced  in  1977 
at  prices  of  $7  or  less  per  barrel  under  both  BAU  and  AD  assumptions, 
but  would  increase  in  1985.  At  $11  per  barrel  oil  prices,  associated- 
dissolved  gas  production  would  increase  substantially  over  $7  levels. 

5.  Non-associated  gas  from  both  Alaskan  regions  and  associated- 
dissolved  gas  from  the  North  Slope  could  provide  major  quantities  of 
new  gas  production.  In  1974,  this  production  amounts  to  only  0.1  TCF. 
per  year.  At  oil  prices  of  more  than  $7  per  barrel,  production  under 
BAU  conditions  could  reach  1.9  TCF  per  year  in  1985,  while  production 
under  AD  conditions,  with  the  development  of  NPR-4  and  additional  OCS 
leasing,  could  reach  3.6  TCF  per  year  by  1985.  The  inclusion  of  trans- 
portation costs  to  the  lower  48  states'  markets  would  significantly 
affect  prices. 

6.  Under  the  AD  scenario,  production  of  gas  from  tight  formations 
would  depend  on  successful  development  of  recovery  technology,  but,  if 
successful  it  could  provide  as  much  as  2.0  TCF  per  year  in  added  gas 
production  by  1985.  The  amount  of  gas  recoverable  from  coal  seams  is 
forecast  to  be  negligible. 

7.  If  natural  gas  prices  remain  regulated  at  current  levels,  the 
outlook  for  increased  gas  supplies  is  not  promising.  At  the  current  field 
price,  wellhead  production  in  1985  could  decline  by  over  6  TCF  per  year 
from  1974  levels  (a  decline  of  almost  30  percent).  The  share  of  natural 
gas  in  interstate  markets  would  also  be  drastically  reduced.  The  effects 
of  price  regulation  predominantly  impact  non-associated  gas. 
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Sensitivity  analyses  were  performed  to  reflect  uncertainties  involved 
in  estimating  natural  gas  production.  Finding  rates  were  uniformly  increased 
and  decreased  by  20  percent  in  these  analyses,  and  discovery  volumes  differed 
from  the  BAU  case  by  about  20  percent.  Corresponding  regional  minimum 
acceptable  prices  were  approximately  16-20  percent  less  with  the  higher 
finding  rates  and  24-28  percent  higher  with  lower  rates,  indicating  the 
considerable  price  sensitivity  to  finding  rates. 

In  other  sensitivity  analyses,  the  after-tax  rate  of  return  on 
investment  was  set  at  15  percent  and  7.5  percent,  resulting  in  price  increases 
of  28-33  percent  in  the  former  case, and  price  decreases  of  13  to  18  percent  in 
the  latter.  Inclusion  of  lease  bonus  and  rental  costs  increased  prices 
by  about  10  percent  in  onshore  areas  and  by  36  to  265  percent,  depending  on  the 
year  and  location  in  offshore  areas,  indicating  the  high  degree  of  sensitivity 
of  minimum  acceptable  prices. 
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Oil:  Its  Time 
Allocation  and 
Project  Independence 


In  1973,  THE  onset  of  an  energy  crisis  in  a  world  that  for  a  century  had 
been  plagued  by  potential  oversupply  of  fossil  fuels  at  existing  market 
prices  caught  many  knowledgeable  observers  by  surprise.  The  energy 
shortage  immediately  generated  a  search  for  a  scapegoat  or  a  rational  ex- 
planation of  the  predicament  of  the  highly  developed,  capitalist  economies, 
heavily  based  on  energy  resources,  of  the  United  States,  Western  Europe, 
and  Japan. 

According  to  Leonard  Silk,  the  mammoth  multinational  energy  com- 
panies, afflicted  by  the  same  "pea-sized  brain"  that  proved  fatal  to  the 
dinosaurs,  either  caused  or  exacerbated  the  problem.  His  analysis  depicted 
corporate  mastodons  as  relentlessly  pursuing  the  goal  of  profit  maximiza- 
tion; but  it  concluded  that  since  "economics  is  not  everything,"  society 
cannot  be  at  the  mercy  "of  corporations  that  have  no  other  purpose  than 

411 
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profit-maximization,  however  legitimate  and  useful  that  objective  may  be 
in  a  limited  context."^ 

Yet  orthodox  economic  theory  has  taught  that,  given  the  right  back- 
ground assumptions,  businessmen's  single-minded  pursuit  of  profit  oppor- 
tunities, tempered  by  competition  and  the  absence  of  externalities,  would 
result  in  an  efficient  and  optimum  allocation  of  resources  and  the  maximi- 
zation of  the  welfare  of  the  community.  Thus,  contrary  to  Silk's  condem- 
nation, executives  of  multinational  energy  companies  should  not  be 
pilloried  for  failing  to  meet  the  needs  of  any  one  selfish  nation,  for  in  their 
pursuit  of  profit  maximization,  they  are  unwittingly  maximizing  the  eco- 
nomic welfare  of  mankind.  Responding  to  comments  on  the  lack  of 
competition  at  various  stages  of  the  vertically  integrated  oil  industry, 
some  students  of  the  industry  claim  that  the  international  supply  of 
crude  oil  is  "the  same  as  what  might  be  expected  to  arise  from  the  opera- 
tion of  the  law  of  comparative  costs  in  a  freely  competitive  international 
market. "2  After  all,  the  consumer  seemed  to  be  plentifully,  and  cheaply, 
supphed. 

Even  now  that  more  economists  are  willing  to  acknowledge  how  non- 
competitive the  oil-resource  market  is,  many  continue  to  envision  the 
problem  of  depletable  fossil  fuels  in  terms  of  determining  the  "optimal 
social  management  of  a  stock  of  a  nonrenewable  but  essential  resource. "^ 
An  immediate  consequence  of  this  way  of  conceptualizing  the  problem  is 
to  analyze  the  existing  structure  of  the  resource  market  to  see  whether  it 
provides  "proper"  price  allocative  guidehnes.  If  it  can  be  proven  that  the 
market  "fails,"  then  it  follows  (for  those  who  use  this  approach)  that  the 
role  of  the  economist  is  to  design  policies  to  improve  market  performance 
and  bring  it  closer  to  the  competitive  ideal.  In  other  words,  the  first  instinct 
of  many  economists  in  this  field  is  to  leave  the  decision  as  to  the  time  rate  of 
exploitation  of  exhaustible  resources  to  the  invisible  hand,  unless  a  market 
failure  can  be  demonstrated  and  a  corrective  policy  can  be  developed. 

1.  Leonard  .Silk,  "Multinational  Morals,"  New  York  Times,  March  5,  1974. 

2.  J.  E.  Hartshorn,  Politics  and  World  Oil  Economics:  An  Account  of  the  International 
Oil  Industry  in  Its  Political  Environment  (Praeger,  1962),  p.  340.  Even  in  1974  studies  have 
been  produced  to  show  that  "prices  paid  by  consumers  for  petroleum  products  reflect 
the  actual  costs  of  suppliers  and  are  not  'padded'  by  excess  profits.  The  competitive  pro- 
cess has  held  industry  profits  down."  See  Edward  J.  Mitchell,  U.S.  Energy  Policy:  A 
Pr/mcr  (Washington:  American  Enterprise  Institute,  1974),  p.  103. 

3.  Robert  M.  Solow,  "The  Economics  of  Resources  or  the  Resources  of  Economics," 
in  American  Economic  Association,  Papers  and  Proceedings  of  the  Eighty-sixth  Annual 
Meeting,  1973  {American  Economic  Review,  Vol.  64,  May  1974),  p.  2. 
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In  the  first  section  of  this  paper  we  deal  with  two  related  issues:  First, 
can  market  prices,  even  in  a  competitive  environment,  provide  adequate 
guidelines  for  approaching  an  efiicient  and  optimal  rate  of  utilization  of 
exhaustible  resources?  Second,  in  a  world  of  conglomerate  energy  com- 
panies, does  rationality  of  entrepreneurial  policies  imply  anticompetitive 
and  antisocial  behavior  that  redistributes  income  from  consumers  to 
producers  and  owners  of  resource-bearing  property?  Some  policy  implica- 
tions inevitably  follow  from  this  analysis. 

The  second  section  presents  our  estimates  of  the  market  price  for  crude 
oil  required  to  achieve  the  stated  goal  of  Project  Independence:  self- 
sufficiency  by  1980.'*  Since  the  first  section  attempts  to  demonstrate  that 
for  policy  purposes  economists  who  seek  to  determine  the  efficiency  of  any 
given  time  rate  of  exploitation  of  oil  properties  only  waste  their  own  re- 
sources, it  follows  that  no  one  can  tell  whether  Project  Independence  is 
on  a  socially  optimal  management  path — that  is,  whether  self-sufficiency 
in  1980  will  maximize  the  sum  of  discounted  consumer  and  producer 
surpluses.  But  once  self-sufficiency  is  established  as  a  desirable  goal  by 
society's  decisionmakers,  economists  can  examine  alternative  paths  to  that 
objective  and  their  implications  for  prices,  income  distribution,  and  pro- 
duction flows.^ 

In  the  second  section  we  have  estimated  the  1980  market-clearing,  long- 
run  price  necessary  to  achieve  self-sufficiency,  given  the  historical  supply 
and  demand  elasticities  for  petroleum.  A  sensitivity  analysis  of  this  estimate 
to  variations  in  supply  and  demand  elasticities  is  also  presented. 


Market  Prices  and  Exhaustible  Resources 

In  a  recent  paper  William  Nordhaus  not  only  succinctly  summarized  the 
foundation  for  the  orthodox  economic  belief  in  the  desirability  of  a  laissez- 
faire  approach  to  exhaustible-resource  pricing,  but  also  attempted  to  simu- 

4.  "The  Energy  Emergency,"  The  President's  Address  to  the  Nation,  November  7, 
1973,  in  Weekly  Compilaiion  of  Presidential  Documents,  Vol.  9  (November  12,  1973), 
pp.  1312-22. 

5.  It  is  our  belief  that  economists  should  acknowledge  their  role  as  "soft"  scientists 
providing  advice  co  policymakers  regarding  "hard"  decisions.  Moreover,  even  as  soft 
scientists  we  do  not  hesitate  to  suggest  that  policy  should  aim  at  ( 1 )  protecting  consumers 
from  paying  more  than  the  normal  supply  price  for  essential  goods  and  services,  and 
(2)  encouraging  "Enterprise"  and  preventing  "Speculation"  from  dominating  economic 
activities. 
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late  how  such  a  pricing  system  would  tend  to  allocate,  over  the  next  200 
years,  the  known  recoverable  energy  resources  of  the  world. 

The  theoretical  foundation  for  Nordhaus'  analysis  relies  on  the  theory  of 
general  economic  equihbrium.  It  assumes 

consumers  with  initial  resources  and  given  preferences,  and  producers  operating 
with  well-defined  technical  relations.  .  . .  [It]  can  embrace  many  time  periods  and 
uncertainty  about  the  exact  demand  or  supply  conditions;  but  it  assumes  convex 
production  and  preference  sets,  and  that  markets  exist  for  all  goods,  services,  and 
contingencies. . .  .  [including]  futures  markets  for,  say,  petroleum  and  coal  in  the 
year  2000;  and  .  . .  insurance  markets  for  such  contingencies  as  the  failure  of 
breeder  processes  to  become  economically  viable.  Also,  all  the  costs  and  benefits 
of  a  particular  process  of  production  must  be  internalized  to  the  decision  maker. 
Under  the  above  conditions  a  market  system  will  have  a  general  equilibrium  of 
prices  and  quantities.  .  .  .  [T]he  equihbrium  will  be  efficient  in  the  sense  that 
there  is  no  way  of  improving  the  lot  of  one  consumer  without  worsening  the  lot 
of  another.  Expressed  differently,  the  prices  are  appropriate  indicators  of  social 
scarcity.  . .  .^ 

Although  many  economists  subscribe  to  the  general-equilibrium  notion 
that  market  prices  can  allocate  energy  resources  efficiently  over  time,  others 
such  as  F.  H.  Hahn  have  noted  that  the  theory  of  general  economic  equihb- 
rium can  only  be  used  as  an  argument  against  someone 

. . .  who  maintains  that  we  need  not  worry  about  exhaustible  resources  because 
they  will  always  have  prices  which  ensure  their  "proper"  use.  ...  A  quick  way  of 
disposing  with  the  claim  is  to  note  that  an  Arrow-Debreu  equilibrium  must  be 
an  assumption  he  is  making  for  the  economy  and  then  to  show  why  the  economy 
cannot  be  in  this  state.  The  argument  will  here  turn  on  the  absence  of  futures 
markets  and  contingent  futures  markets  and  on  the  inadequate  treatment  of  time 

and  uncertainty This  negative  role  of  Arrow-Debreu  equilibrium  I  consider 

almost  to  be  sufficient  justification  for  it,  since  practical  men  and  ill-trained 
theorists  everywhere  in  the  world  do  not  understand  what  they  are  claiming .  .  . 
when  they  claim  a  beneficent  and  coherent  role  for  the  invisible  hand.  .  .  . 

. . .  [Since]  we  know  that  these  [futures]  markets  are  in  fact  very  scarce  [and] . . . 
some  contingent  markets  could  logically  not  exist .  .  .  we  can  easily  refute  proposi- 
tions [like  these]  on  exhaustible  resources.  .  .  .  Moreover  one  can  locate  precisely 
where  the  argument  goes  wrong.'' 

A  "proper"  use  of  any  exhaustible  resource  requires  entrepreneurial 
decisions  on  the  time  rate  of  its  production.  The  market  price  system  can 

6.  Wilham  D.  Nordhaus,  'The  Allocation  of  Energy  Resources,"  Brookings  Papers 
on  Economic  Activity  (3 :  1973),  pp.  530-31.  Hereafter  this  document  will  be  referred  to  as 
BPEA,  followed  by  the  date. 

7.  Frank  H.  Hahn,  On  the  Notion  of  Equilibrium  in  Economics  (London:  Cambridge 
University  Press,  1973),  pp.  14-16  (emphasis  supplied). 
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provide  guidance  on  an  optimal  resource  allocation  over  time  only  under 
the  following  conditions: 

1.  Well-organized  forward  markets  exist /o/'  each  date  in  the  future. 

2.  Consumers  know  with  actuarial  certainty  all  their  needs  of  energy 
resources  at  each  date. 

3.  Consumers  are  able  and  willing  to  exercise  all  these  future  demands  by 
currently  entering  into  forward  contracts /or  each  date. 

4.  Entrepreneurs  know  with  actuarial  certainty  the  costs  of  production 
associated  with  production  flows /o/-  each  date. 

5.  Sellers  can  choose  between  an  immediate  contract  at  today's  market 
price  and  a  forward  contract  at  the  market  price  associated  with  any  future 
delivery  date  (over  73,000  in  the  Nordhaus  model). 

6.  Entrepreneurs  know  with  actuarial  certainty  the  course  of  future 
interest  rates. 

7.  The  social  rate  of  discount  equals  the  rate  at  which  entrepreneurs 
discount  future  earnings  and  costs.'"^ 

8.  No  false  trading  occurs — that  is,  no  production  or  exchange  ever  takes 
place  at  nonequilibrium  prices.^ 

If  all  these  conditions  are  met,  then  in  a  competitive  environment, 
market  prices  can  be  shown  to  be  an  efficient  or  socially  optimal  way  to 
allocate  energy  resources  over  time,  in  the  sense  of  maximizing  the  sum  of 
discounted  consumer  and  producer  surpluses. 

Since  for  any  particular  property,  the  fossil  fuels  in  the  ground  are  a 
fixed  inventory  (or  exhaustible  resource),  the  more  used  today,  ceteris 
paribus,  the  less  will  be  available  for  future  delivery.  Consequently,  a 

8.  This  condition  can  hold  only  if  monetary  and  fiscal  policy  are  so  precisely  applied 
that  they  eliminate  any  divergence  between  the  natural  rale  of  interest  and  the  market 
rate  of  interest.  See  Kenneth  J.  Arrow,  "Discounting  and  Public  Investment  Criteria," 
in  Allen  V.  Kneese  and  Stephen  C.  Smith  (eds.),  Water  Research  (Johns  Hopkins  Press 
for  Resources  for  the  Future,  1966),  pp.  13-32. 

9.  The  absence  of  false  trading  is  an  esoteric  but  essential  condition  for  the  beneficence 
of  the  invisible  hand.  In  the  real  world  of  uncertainty,  however,  false  trades  are  inevitable 
and  hence  those  who  look  to  market  prices  to  allocate  energy  resources  properly  over 
time  are  pursuing  a  w  ill-o'-the-wisp. 

Currently,  general-equilibrium  theorists  utilize  the  assumption  of  a  complete  set  of 
futures  markets  for  all  contingent  commodities  to  eliminate  uncertainty  and  false  trades 
from  their  models.  This  is  merely  a  logical  dodge  for  it  requires  that  contracts  for  all 
contingent  commodities  be  entered  into  at  market-clearing  prices  at  the  initial  date — that 
is,  all  possible  human  agreements  for  every  contingency  involve  prices  that  reconcile  all 
plans  and  expectations  before  any  production  and  exchange  occurs  and  no  additional 
contracts  can  be  entered  into  for  the  rest  of  time. 
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rational  entrepreneur  will  compare  the  present  value  of  expected  profits 
for  a  forward  contract  sale  at  each  possible  future  date  with  the  profit- 
ability of  selling  that  amount  today.  If  profit-maximizing  entrepreneurs  are 
to  produce  for  current  sale,  current  marginal  revenue  must  be  expected  to 
cover  not  only  current  marginal  factor  costs  associated  with  that  barrel 
of  oil  but  also  the  user  costs  inherent  in  all  depletable  resources — namely, 
the  highest  present  value  of  marginal  future  profits  given  up  by  producing 
that  barrel  of  oil  currently  rather  than  in  the  future.^ °  Thus,  for  example, 
Nordhaus  attempts  to  simulate  the  allocation  arising  from  a  complete  set 
of  spot  and  forward  market  prices  assuming  that  (1)  the  1970  information 
about  supply  availabihty  and  costs  was  accurate  and  relevant  for  each  time 
period  for  the  next  two  centuries,  and  (2)  energy  demands  over  the  fore- 
seeable future  could  be  projected  from  the  1929-68  historical  growth  rates 
(ignoring  price  elasticity  eff'ects).^^ 

As  Nordhaus  recognizes, ^^  forward  markets  for  most  commodities  do 
not  exist  and,  as  Hahn  has  noted,  they  cannot  logically  exist  in  the  real 
world  where  the  future  is  yet  to  be  created.  Arrow  has  attributed  the  failure 


10.  For  a  complete  discussion  of  user  costs  and  petroleum  production,  see  Pau 
Davidson,  "Public  Policy  Problems  of  the  Domestic  Crude  Oil  Industry,"  American 
Economic  Review,  Vol.  53  (March  1963),  pp.  85-108;  also  see  Robert  G.  Kuller  and 
Ronald  G.  Cummings,  "An  Economic  Model  of  Production  and  Investment  for  Petro- 
leum Reservoirs,"  American  Economic  Review,  Vol.  64  (March  1974),  pp.  66-79. 

As  Champernowne  has  indicated,  Keynes  borrowed  the  term  "user  cost"  from 
Marshall,  but  was  the  first  to  develop  the  concept  and  apply  it  to  the  question  of  inter- 
temporal production  from  depletable  properties.  See  D.  G.  Champernowne,  "Expecta- 
tions and  the  Links  Between  the  Economic  Present  and  Future,"  in  Robert  Lekachman 
(ed.),  Keynes'  General  Tlieory:  Reports  of  Three  Decades  (St.  Martin's,  1964),  p.  177; 
and  John  Maynard  Keynes,  The  General  Theory  of  Employment,  Interest  and  Money 
(Harcourt,  Brace,  1936),  pp.  66-73.  Since  then  many  other  authors  have  refined  the  user- 
cost  concept  to  analyze  entrepreneurial  decisions  about  the  timing  of  production  in  the 
short  run.  See,  for  example,  Joe  S.  Bain,  "Depression  Pricing  and  the  Depreciation  Func- 
tion," Quarterly  Journal  of  Economics,  Vol.  51  (August  1937),  pp.  705-15;  Alfred  C.  Neal, 
Industrial  Concentration  and  Price  Injlexibility  (American  Council  on  Public  Affairs, 
1942),  pp.  58-61;  Sidney  Weintraub,  Price  Theory  (Pitman,  1949),  pp.  378-81;  A.  D. 
Scott,  "Notes  on  User  Cost,"  Economic  Journal,  Vol.  63  (June  1953),  pp.  368-84; 
Anthony  D.  Scott,  "The  Theory  of  the  Mine  Under  Conditions  of  Certainty,"  in  Mason 
Gaffney  (ed.).  Extractive  Resources  and  Taxation  (University  of  Wisconsin  Press,  1967), 
pp.  34-41;  M.  Mason  Gaffney,  "Soil  Depletion  and  Land  Rent,"  Natural  Resources 
yowr/;a/.  Vol.  4  (January  1965),  pp.  537-57;  and  M.  A.  Adelman,  The  World  Petroleum 
Market  (Johns  Hopkins  University  Press  for  Resources  for  the  Future,  1972),  p.  40. 

11.  Nordhaus.  "Allocation  of  Energy  Resources,"  pp.  537-41. 

12.  Ibid.,  p.  534. 
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of  real-world  economies  to  develop  forward  markets  in  most  goods^^  to 
the  costliness  of  enforcing  forward  contracts  to  dates  far  in  the  future, 
and  the  unwillingness  of  buyers  and  sellers  to  make  forward  contractual 
production  and  purchase  commitments.^^  Even  if  one  is  willing  to  overlook 
what  Arrow  terms  the  "failure  of  markets  for  future  goods"  in  attempting 
to  model  an  "efficient"  time  path  that  might  apply  in  the  presence  of 
futures  markets  (as  Nordhaus  does),  the  necessary  assumption  that  no  false 
trading  occurs  dooms  the  search  for  an  efficient  allocative  mechanism 
that  relies  on  market  prices.  If  false  trading  occurs,  the  parameters  of  the 
economy  change  and  it  is  extremely  unlikely  that  the  original  set  of  equilib- 
rium spot  and  forward  prices  over  time  will  continue  to  provide  an 
efficient  solution — or  that  any  other  set  can. 

In  the  past,  general-equilibrium  theorists  such  as  Hicks  have  avoided 
the  devastating  conclusion  that  economists  cannot  say  anything  meaningful 
about  efficient  resource  use  over  time  by  merely  assuming  that  false  trading 
is  negligible.  Hicks  justified  this  assumption  by  shortening  the  time  hori- 
zon— to  less  than  a  day  if  necessary, ^^  But,  then,  those  who  advocate  a 
market-price  solution  for  allocating  exhaustible  fossil  fuels  over  years, 
decades,  or  even  centuries  cannot  use  general-equilibrium  theory  to  justify 
their  position. 

Many  economists  ignore  these  formidable  issues  by  developing  models 
for  a  world  of  certainty  with  a  specified  time  horizon.  Other  economists 
merely  assert  that  resource  markets  in  the  real  world  normally  behave  much 
as  they  would  in  a  world  of  certainty,  and  that  therefore  general-equilib- 
rium models  are  a  useful  "parable"  for  analyzing  the  efficient  time  rate  of 
exploitation  of  exhaustible  resources.  For  example,  Solow  states:  ". . .  in 
tranquil  conditions,  resource  markets  are  likely  to  track  their  equilibrium 
paths  moderately  well,  or  at  least  not  hkely  to  rush  away  from  them.  .  . . 

13.  Kenneth  J.  Arrow,  "Limited  Knowledge  and  Economic  Analysis,"  American 
Economic  Review,  Vol.  64  (March  1974),  p.  8. 

14.  In  fact,  however,  long-term  (often  perpetual)  leases  are  the  rule  for  properties  that 
bear  natural  resources. 

But  many  of  those  who  will  be  buyers  in  the  future  may  at  any  given  time  be  yet 
unborn;  or,  if  already  alive,  too  young  to  enter  into  the  contracts  necessary  to  convert 
future  wants  into  demand,  or  uncertain  how  much  energy  resources  they  will  need  in  the 
future.  Under  these  circumstances  a  free  market  system  could  not  allocate  energy  re- 
sources over  decades  or  centuries  to  achieve  Pareto  efficiency  even  if  a  complete  set  of 
futures  markets  for  all  contingent  commodities  existed. 

15.  J.  R.  Hicks,  Value  and  Capital:  An  Inquiry  into  Some  Fundamental  Principles  of 
Economic  T/ieory  (2d  ed.,  Oxford  University  Press,  1946),  p.  129. 
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[Of  course]  resource  markets  may  be  rather  vulnerable  to  surprises.  ...  It 
may  be  quite  a  while  before  the  transvaluation  of  values  .  .  .  settles  down 
under  the  control  of  sober  future  prospects."^^  This  behef  in  "tranquil 
conditions"  and  the  ultimate  dominance  of  "sober"  minds  in  the  long 
run — in  short,  the  stability  of  expectations — is  the  bedrock  of  the  neo- 
classical view  that  the  competitive  market  may  yet,  with  sufficient  empirical 
study  and  analysis,  yield  the  secret  of  determining  the  socially  optimal 
exploitation  of  exhaustible  resources  over  time. 

One  of  the  more  ingenious  attempts  at  developing  such  a  scenario  for 
energy-resource  use  over  time  has  been  Nordhaus'  monumental  study. 
Nordhaus'  work  has  been  described  as  an  analysis  of  ".  . .  how  energy 
requirements  will  be  met  in  the  long  run,  . . .  [and  of]  the  pattern  of  uses 
and  prices  of  various  types  of  energy  that  would  emerge  through  time  in  a 
free  competitive  market.  While  he  acknowledges  some  of  the  ways  in  which 
actual  prices  may  differ  from  those  generated  by  his  model,  he  regards  his 
general  outline  of  resource  utilization  and  price  changes  as  helpful  indi- 
cators of  how  the  future  of  energy  use  is  likely  to  unfold."^^  Nordhaus  notes 
that  in  his  model  "the  price  system  is  ex  ante  efficient  as  long  as  a  com- 
plete set  of  futures  markets  exists. "^^  He  recognizes  that  the  absence  of 
these  markets  might  create  "serious  problems,"  but  he  argues  that  "an 
estimate  of  whether  current  usage  is  too  fast  or  too  slow  cannot  be  made 
a  priori;  it  can  emerge  only  from  a  carefully  constructed  econometric  and 
engineering  model  of  the  economy. "^^ 

Here  we  must  disagree.^o  As  Shackle  has  pointed  out,  "the  existence  of 
'futures'  markets  is  a  mere  technical  gloss  on  the  essential  situation,"^! 
since  speculators  enter  into  contracts  in  futures  markets  because  they 
disagree  with  the  market's  valuation  of  the  future.  Hence  when  the  future 

16.  Solow,  "Economics  of  Resources,"  p.  7.  In  correspondence  regarding  this  paper, 
Solow  has  indicated  that  he  accepts  the  view  that  an  optimal  strategy  is  a  will-o'-the-wisp. 
Nevertheless,  he  maintains  that  it  is  possible  to  judge  that  some  intertemporal  allocations 
arc  better  or  more  efTicient  than  others  with  a  high  degree  of  probability. 

17.  Arthur  M.  Okun  and  George  L.  Perry,  "Editors'  Introduction  and  Summary," 
BPEA0'.\91Z),p.  516. 

18.  Nordhaus,  "Allocation  of  Energy  Resources,"  p  534 

19.  Ibid.,  p.  537. 

20.  This  is  not  to  deny  Nordhaus'  conclusion  about  the  immense  availability  of  fossil 
fuels!  And  Nordhaus  has  described  at  least  one  possible  scenario  for  the  future.  But  this 
scenario  has  nothing  to  do  with  an  optimal  path  in  the  real  world. 

21.  George  L.  S.  Shackle,  Epistemics  &  Economics:  A  Critique  of  Economic  Doctrines 
(Cambridge,  England:  Cambridge  University  Press,  1972),  p.  111. 
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becomes  the  present,  either  the  speculators  or  the  market,  or  both,  will 
have  been  in  error  and  false  trading  (surprises)  will  have  occurred.  As  long 
as  the  future  is  uncertain  individual  opinions  about  it  are  free  to  diverge 
from  each  other  and  from  the  pronouncements  of  any  market.  False 
transactions  are  an  inevitable  and  ubiquitous  phenomenon  in  the  real 
world. 

"[The]  long  run  is  a  misleading  guide  to  current  affairs.  In  the  long  run 
we  are  all  dead.  Economists  set  themselves  too  easy,  too  useless  a  task  if 
in  tempestuous  seasons  they  can  only  tell  us  that  when  the  storm  is  long 
past  the  ocean  is  flat  again. "^^  Any  attempt  to  provide  policymakers  with 
guidelines  for  solving  real-world  problems  such  as  the  energy  crisis  using 
assumptions  of  "a  world  of  certainty"  or  "values  under  the  control  of 
sober  future  prospects"  or  "tranquil  conditions,"  is,  in  our  view,  almost 
fruitless,  and  may  be  positively  mischievous  in  that  it  may  mislead  practical 
men  into  claiming  "a  beneficent  and  coherent  role  for  the  invisible  hand." 

Because  futures  markets  do  not  exist;  because  even  if  they  did,  false 
trading  would  occur  in  a  world  of  uncertainty  and  change;  and  because 
estimates  of  future  demands  and  costs  are  at  best  unreliable,  it  is  impossible 
to  specify  any  time  rate  of  exploitation  of  resources  that  will  be  efficient  or 
maximize  the  sum  of  discounted  consumer  and  producer  surpluses  over 
any  long  period. 

The  a  priori  inability  of  market  prices  to  provide  any  guideline  for  such 
allocation  does  not  relieve  producers  from  the  responsibility  of  deciding 
the  actual  rate  for  exploiting  these  resources.  Some  economists,  recognizing 
the  hopelessness  of  specifying  any  policy  for  socially  optimal  resource 
management,  have  argued  that  "the  mere  statement  of  the  problem  .  .  . 
serves  to  support  a  general  disposition  to  leave  these  complicated  calcula- 
tions to  the  self-interest  of  businessmen  in  competitive  markets,"^^  in  the 
delusive  hope  that  the  inevitable  errors  of  many  decisionmakers  will  tend 
to  cancel  out.  In  the  early  sixties,  this  view  was  not  hard  to  accept,  provided 
the  government  assured  the  existence  of  competitive  markets,  required 
field  unitization,  and  removed  certain  favorable  tax  treatments.  In  the 
midst  of  a  worldwide  "energy  crisis,"  leaving  energy-resource  production 
to  businessmen's  subjective  estimates  of  user  costs  seems  much  less  desir- 

22.  A  Tract  on  Monetary  Reform,  Vol.  IV,  The  Collected  Writings  of  John  Maynard 
/re>7;^.r  (London:  Macmillan,  1971  ed.),  p.  65. 

23.  Melvin  G.  de  Chazeau  and  Alfred  E.  Kahn,  Integration  and  Competition  in  the 
Petroleum  Industry  (Yale  University  Press,  1959),  p.  236. 
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able.  Current  market  conditions  are  likely  to  encourage  all  producers  to 
expect  rapid  increases  in  prices  (as  a  reflection  of  growing  monopoly 
elements  rather  than  of  increasing  social  value),  and  such  views  will  nurture 
monopoly  growth  with  its  concomitant  redistribution  of  income  from 
consumers  to  producers  and  ultimately  to  property  owners  in  the  form  of 
economic  rents.  While  some  may  disagree,  we  judge  such  a  redistribution 
to  be  undesirable  as  well  as  unnecessary.  Accordingly,  we  now  believe  that 
in  the  absence  of  omniscient  producers  or  governments,  the  damage  is 
likely  to  be  minimized  by  the  adoption  of  policies  that  eliminate  positive 
user  costs  as  an  element  in  production  decisions. 


USER   COSTS  IN  THE   ABSENCE  OF  FORWARD   MARKETS 

In  the  absence  of  developed  futures  markets,  producers'  subjective 
expectations  of  the  user  costs  inherent  in  all  raw  materials  are  major  deter- 
mining factors  in  the  time  rate  of  exploitation  of  energy  resources.  Given 
the  time  period,  as  long  as  the  expected  rate  of  increase  in  the  difference 
between  price  and  average  factor  costs  is  equal  to  the  expected  rate  of 
interest,  the  marginal  user  cost  is  zero,  and  profit-maximizing  managers 
will  produce  up  to  the  point  where  current  price  equals  the  remaining 
marginal  factor  costs  phis  a  markup  or  profit  margin  whose  magnitude 
depends  on  the  degree  of  monopoly  the  producers  have  in  the  market- 
place.2-*  (If  producers  operated  in  a  purely  competitive  market,  price  would 
simply  equal  marginal  factor  costs.) 

If,  however,  for  the  future,  price  is  expected  to  increase  relative  to 
production  costs  at  an  annual  rate  beyond  the  expected  rate  of  interest, 
marginal  user  costs  will  be  positive  and  current  production  will  be  reduced 
as  producers  withhold  some  energy  resources  to  sell  at  a  greater  "dis- 
counted" profit  at  a  future  date.  Finally,  if  prices  are  expected  to  decrease 
relative  to  costs  (or  to  increase  at  less  than  the  rate  of  interest),  marginal 
user  costs  will  be  negative  and  current  production  will  be  higher  than  when 
marginal  user  costs  are  zero.  Thus,  in  a  world  of  uncertainty,  we  are  left 
with  a  bootstrap  theory  of  the  time  rate  of  exploitation  of  energy  resources; 
current  expectations  of  producers  play  the  pivotal  role  in  the  absence  of 
any  "facts"  about  the  future.  Consequently,  relative  stability  over  time  in 
prices  and  production  in  energy-resource  markets  requires  that  most  pro- 

24.  The  degree  of  monopoly  power  can  be  m.  asured  by  m  =  {P  -  MQ/P.  where  P 
IS  current  price  and  MC  is  marginal  factor  costs. 
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ducers  think  that  tomorrow  will  not  be  significantly  different  from  today, 
although  it  can  perhaps  accommodate  some  divergency  of  views  among 
producers. 

If,  however,  most  producers  expect  that  the  relation  of  prices  to  costs 
will  change  significantly  in  an  uncertain  future,  energy-resource  markets 
will  be  dominated  by  speculative  activities.  Since  solid  information  about 
that  future  cannot  exist,  the  result  is  bound  to  be  detrimental  to  society. 
"Speculators  may  do  no  harm  as  bubbles  on  a  steady  stream  of  enterprise. 
But  the  position  is  serious  when  enterprise  becomes  the  bubble  on  a  whirl- 
pool of  speculation. "2^ 

Until  recently,  state  and  federal  governmental  policies  prevented  rapid 
changes  in  wellhead  prices  in  the  United  States.  Market  prorationing 
supported  by  the  1935  federal  law,  popularly  known  as  the  Connally  Hot 
Oil  Act,  which  prohibits  interstate  commerce  in  oil  that  was  produced  in 
violation  of  state  prorationing  laws,  plus  the  operation  of  import  quotas, 
effectively  eliminated  any  positive  user  costs.  At  the  same  time,  speculation 
in  the  international  market  was  restrained  by  the  ability  of  the  "Seven 
Sisters"  (the  seven  largest  international  oil-producing  companies)  to  main- 
tain an  orderly  market.  However,  most  sellers  of  energy  resources  have 
been  led  to  expect  rapidly  rising  prices  by  the  events  of  the  early  seventies — 
including  the  relaxation  of  market-demand  prorationing;  the  growth  of  the 
power  of  the  oil  cartel,  the  Organisation  of  Petroleum  Exporting  Countries 
(OPEC),  at  the  same  time  that  import  quotas  were  being  removed;  the 
unsettled  pohtics  of  the  Middle  East.  These  events  have  stimulated  specu- 
lative prochvities  and  consequently  retarded  current  production  of  fossil 
fuels. 

Current  statistics  from  the  U.S.  Geological  Survey  (USGS)  provide 
strong  evidence  of  speculative  withholding  of  oil  production.  Completed 
shut-in  oil-producible  zones^^  offshore  jumped  from  953  in  1971  to  2,996 
in  1972  and  3,054  in  1973,  while  active  oil  wells  fell  from  5,704  to  3,814 
over  this  period,  even  though  new  wells  continued  to  be  completed  at 
a  rate  of  300  to  400  per  year. 2''  This  jump  in  shut-ins  from  14  percent  of 

25.  Keynes,  General  Theory,  p.  159. 

26.  A  completed  shut-in  producible  zone  is  an  area  in  which  a  well  has  been  drilled  and 
has  been  determined  by  USGS  to  be  capable  of  producing  in  paying  quantities,  but  for 
which  a  suspension  of  production  has  been  certified  by  USGS.  There  may  be  more  than 
one  producible  zone  associated  with  a  single  well. 

27.  U.S.  Geological  Survey,  Conservation  Division,  Outer  Continental  Shelf  Statistics 
(June  1974),  pp.  29,  34-36.  For  a  further  discussion  of  the  importance  of  the  shut-in 
oil  producible  capacity,  see  the  section,  "A  Final  Caveat,"  below. 
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producible  zones  in  1971  to  over  44  percent  in  1972  does  suggest  an  explicit 
decision  by  producers  to  restrict  available  production  flows.  Moreover, 
since  producers  can  restrict  oil  production  not  only  by  a  complete  shut-in  of 
oil  wells  but  also  by  reducing  flows  from  producing  wells,  shutting  in  asso- 
ciated gas  wells,  and  slowing  down  drilling  activity  on  wells  nearing  com- 
pletion, and  since  the  shut-in  statistics  cover  only  off'shore  completed 
oil-producible  zones,  speculative  withholding  may  be  significantly  greater 
than  these  statistics  suggest. ^'^ 

If  this  speculation  is  unwarranted — that  is,  if  producers'  expectations  do 
not  properly  reflect  the  relative  valuation  of  buyers  and  the  costs  of  pro- 
ducing energy  resources  for  future  use  vis-a-vis  their  present  use  (and  in  an 
uncertain  world  there  is  no  reason  why  they  can  or  should) — then  govern- 
ments must  act  to  prevent  such  profit-maximizing  speculative  activity 
from  harming  today's  society.  Stability  in  today's  energy  markets  may  be  a 
humbler  goal  than  the  efficient  allocation  of  energy  resources  over  the 
long  run  but,  at  least,  it  is  achievable. 

In  the  current  "energy  crisis"  two  major  factors  have  spurred  speculative 
excesses  in  the  energy  market.  These  are  the  growth  of  the  monopoly  power 
of  the  OPEC  cartel,  and  the  development  of  conglomerate  energy  com- 
panies. 


OPEC   AND   USER   COSTS 

OPEC  oil  has  always  been  sold  by  producers  who  had  not  only  significant 
monopoly  power  in  product  markets,  but  also,  in  the  past,  monopsony 
power  in  the  market  for  oil-bearing  properties.  The  existence  of  large 
monopoly  rents,  as  well  as  the  possible  withholding  of  diminishing-return 
rents  by  monopsonist  producers  on  properties  in  the  OPEC  nations,  has 
now  encouraged  the  host  nations  to  attempt  to  capture  some  of  these  rents 

28.  A  recent  Federal  Power  Commission  study  of  168  offshore  shut-in  producible  gas 
leases  has  conservatively  estimated  that  these  properties  contain  proved  reserves  of  4.7 
billion  mcf  (thousand  cubic  feet)  and  an  additional  3.3  billion  mcf  in  probable  reserves, 
a  total  two-and-one-half  times  actual  offshore  production  in  1973.  A  significant  portion 
of  these  gas  reserves  is  in  wells  associated  with  producible  quantities  of  oil.  Over  two- 
thirds  of  these  1 68  shut-in  leases  are  more  than  five  years  old.  The  FPC  staff  is  attempting 
to  determine  why  rational  producers  would  develop  these  properties  and  then  shut  them 
in.  See  U.S.  Federal  Power  Commission,  Bureau  of  Natural  Gas,  Offshore  Investigation: 
Producible  Shut-in  Leases  (First  Pliase),  January  1974  (March  1974),  and  Offsfwre  Investi- 
tiation:  Producible  Shut-in  Leases  As  of  January  1974  {Second  Phase)  (July  1974). 
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for  themselves.2^  As  long  as  the  host  nations  competed  with  each  other  to 
grant  concessions,  however,  they  could  receive  the  diminishing-returns 
rents  at  best.  But  once  they  organized  a  cartel,  the  market  for  OPEC 
properties  became  a  type  of  bilateral  monopoly  situation,  where  the  distri- 
bution of  the  total  economic  rents  (of  both  sorts)  is  not  determinate.  Thus, 
as  a  number  of  experts  have  noted,  the  dispute  between  the  operating 
companies  and  the  African  and  Middle  East  governments  "essentially,  in 
economic  terms,  ...  is  a  question  of  the  division  of  economic  rent."20 

As  landowners  in  the  Middle  East  and  Africa  realized  that  large  eco- 
nomic rents  had  escaped  them  because  of  their  acceptance  of  the  original 
concession  contracts,  they  urged  the  formation  of  the  OPEC  cartel  as  a 
remedy.  If,  of  course,  the  operating  companies  were  passively  to  acquiesce 
in  giving  the  landowners  the  economic  rents  that,  under  the  initial  contracts, 
had  been  their  own,  then,  ceteris  paribus,  the  actual  degree  of  monopoly 
in  the  product  market  would  remain  unchanged  and  so  would  the  price  to 
consumers. 

But  suppose  that  host  nations  are  now  attempting  to  capture  both 
diminishing-returns  rents  and  the  monopoly  rents  in  the  product  market. 
As  Chamberlin  has  demonstrated,  competition  for  properties  among  pro- 
ducers makes  landlords  the  ultimate  recipient  of  all  monopoly  rents.^^  If 
the  price  elasticity  of  demand  in  the  product  market  (that  is,  the  degree  of 
monopoly)  was  unchanged  and  if  producers  were  already  profit  maximizing 
in  the  product  markets,  then  consumer  prices  would  not  change.  In  this 
case  again,  the  only  effect  of  the  OPEC  cartel  would  be  to  redistribute  the 
largesse  of  economic  rents  from  the  companies  to  the  host  nations. -"^^ 

If,  however,  some  unexploited  monopoly  power  remains  in  the  product 
market,  the  companies  can  attempt  to  recoup  the  higher  payments  to  land- 
owners from  the  ultimate  consumers.  Their  success  will  depend  on  the 

29.  In  a  perfectly  competitive  property  market,  the  present  value  of  lease  bonuses  and 
future  royalties  would  exactly  equal  the  discounted  values  of  these  economic  rents  so 
that  all  diminishing-return  rents  would  accrue  to  property  owners.  If  producers  had 
monopsonistic  power  either  because  of  superior  information  or  collusion  on  bids,  they 
could  keep  some  of  these  economic  rents. 

30.  Michael  V.  Posner,  Fuel  Policy:  A  Study  in  Applied  Economics  (London:  Mac- 
millan,  1973),  p.  52. 

31.  Edward  H.  Chamberlin,  The  Theory  of  Monopolistic  Competition:  A  Re-orientation 
of  the  Theory  of  Value  (7th  ed..  Harvard  University  Press,  1960),  pp.  266-69. 

32.  This  result  still  might  cause  balance-of-payments  problems  for  the  consuming 
nations,  but  as  long  as  the  OPEC  nations  are  attempting  merely  to  capture  existing 
economic  rents,  their  actions  will  not  affect  long-run  marginal  factor  costs. 
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price  elasticity  of  demand  of  the  consuming  nations  for  OPEC  oil.^^  As 
long  as  either  this  demand  is  relatively  inelastic,  or  additional  monopoly 
power  can  be  brought  to  bear,^"*  the  operating  companies  will  have  a  strong 
incentive  to  extract  from  consumers  the  net  revenues  lost  in  monopoly 
rents  to  the  host  governments.  In  fact,  as  the  host  nations  have  increased 
their  receipts  per  barrel,  the  operating  companies  have  raised  product 
prices  by  an  even  greater  absolute  amount.  For  example,  when  the  Persian 
Gulf  nations  raised  their  payments  by  the  equivalent  of  28  cents  per  barrel 
in  February  1971,  the  matching  price  increase  in  Britain  was  42  cents  per 
barrel  ;'^'^  thus  the  net  revenues  of  the  operating  com.panies  increased  as  they 
drew  on  previously  unexploited  monopoly  power. 

The  incentive  to  form  a  coahtion  to  limit  supply  and  to  convince  the 
consuming  nations  that  there  is  an  energy  crisis  can  be  analyzed  via  the 
user  cost  inherent  in  all  raw  materials  that  involve  these  kinds  of  latent 
market  power.  If  at  or  near  current  price  levels  the  consumer  has  no  good 
substitute  from  suppliers  who  have  no  economic  interest  in  maintaining 
the  potential  monopoly  rents  for  OPEC  oil,  and  if  governments  of  con- 
suming nations  leave  the  market  unfettered,  then  the  demand  for  OPEC  oil 
will  provide  the  possibility  of  additional  exploitable  monopoly  rents.  If 
OPEC  oil  suppliers — whether  host  nations  or  operating  companies — believe 
that,  by  enforcing  market  sharing  and  production  restrictions,  a  cartel  can 
exploit  additional  market  power  by  raising  the  prices  to  the  consuming 
nations  over  time,  then  the  marginal  user  cost  is  positive.  Hence  producers 
and  landowners  (who  via  royalties  and  taxes  have  a  vested  interest  in 
higher  prices)  will  pursue  policies  to  restrict  current  production  as  long  as 
incremental  revenues  are  exceeded  by  incremental  costs,  including  this 


33.  The  elasticity  of  demand  for  OPEC  oil  will  depend  on  the  availability  of  sub- 
stitutes provided  by  suppliers  who  have  no  interest  in  maintaining  economic  rents  for 
OPEC  oil.  This  point  is  developed  below. 

34.  In  a  world  of  perfect  certainty,  profit-maximizing  entrepreneurs  would  not  leave 
monopoly  power  unexploited.  In  the  real  world,  however,  producers  in  the  oil  industry 
may  be  more  interested  in  maintaining  market  shares  than  in  maximizing  profits.  Pro- 
ducers may  not  always  set  profit-maximizing  prices  for  fear  of  antitrust  or  other  govern- 
mental action.  In  the  absence  of  significant  justifications  for  increases,  prices  may  remain 
stable  below  profit-maximizing  levels  until  they  are  released  by  severe  market  shocks, 
like  the  closing  of  the  Suez  Canal  or  the  unified  demands  of  OPEC.  Then,  in  a  world  of 
unccrtamty,  where  political  crises  can  reduce  the  eff'ectiveness  of  government  responses 
to  price  increases  producers  may  exploit  latent  monopoly  power  and  also  try  to  stimulate 
political  and  expectational  conditions  that  create  additional  monopoly  power. 

35.  The  data  on  price  increases  are  from  the  McGraw-HiU  publication,  Piatt's 
Oilf^rcjm  AV..  v  Service,  Vol.  49  (February  18,  1971 ),  p.  2,  and  (February  23, 1971),  p.  1-A. 
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positive  user  cost,  as  they  attempt  to  capture  potential  additional  monopoly 
rents  from  consumers.  The  consumer  must  then  either  find  a  way  to  reduce 
the  user  costs  to  zero  or  else  accept  the  higher  price  as  tribute  to  the  monop- 
oly power  of  the  suppliers. 


CONGLOMERATE  ENERGY   COMPANIES   AND   USER   COSTS 

How  has  the  growth  of  conglomerate  energy  companies  affected  the 
ability  of  the  OPEC  cartel  to  create  positive  user  costs? 

As  has  already  been  intimated,  the  existence  of  an  exploitable  monopoly 
position  depends  on  the  present  and  future  price  elasticity  of  demand  in  the 
relevant  range.  As  far  as  the  OPEC  cartel  is  concerned,  therefore,  it  depends 
in  large  measure  on  the  current  price  in  consuming  countries  and  ultimately 
on  the  supply  price  at  which  alternative  sources  of  energy  will  become 
significant  substitutes  for  OPEC  oil.  Suppose,  however,  the  supplier  of  a 
substitute  energy  source  also  has  an  economic  interest  in  OPEC  petroleum 
reserves,  because  it  is  a  conglomerate  energy  company  with  an  OPEC 
concession  or  other  oil  reserves.  Then  it  will  anticipate  a  positive  user  cost 
in  providing  the  substitute  if  production  of  this  substitute  reduces  potential 
profits  from  its  oil  reserves.  This  positive  user  cost  will  raise  the  supply 
price  (above  resource  costs)  of  marketing  the  substitute. 

In  these  circumstances  this  positive  user  cost  of  substitutes  internalizes  a 
cost  that  in  a  competitive  economy  would  be  external  to  an  independent 
producer  of  a  substitute  energy  source.  Independent  producers  of  domestic 
oil,  shale,  tar  sands,  coal,  uranium,  and  so  on,  would  not  care  if  they  in- 
flicted capital  losses  on  the  value  of  foreign  underground  reserves  of  petro- 
leum by  providing  a  cheaper  energy  source.  Most  reasonable  people 
would  argue  that  society  is  the  beneficiary  of  a  decision  to  produce  a  less 
expensive  substitute  even  though  the  oil  producers  and  property  owners 
would  sutfer  a  capital  loss.  The  existence  of  rational,  multisource,  energy- 
producing  conglomerates,  however,  constrains  production  of  substitute 
fuels  and  reduces  consumer  welfare.  The  ability  of  conglomerates  to  main- 
tain high  prices  for  the  substitutes  tends  to  reinforce  their  monopoly  power 
in  marketing  their  OPEC  oil. 

If  at  the  current  price  consumer  demand  for  OPEC  oil  is  therefore  still 
in  the  exploitable  range,  a  strong  cartel  of  property  owners  can  allow 
multinational  energy  conglomerates  to  continue  to  raise  prices  relative  to 
real  resource  costs.  The  continuous  revenue  increases  of  host  nations 
since  1970  seem  to  be  attempts  to  search  out  the  point  at  which  demand  for 
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OPEC  oil  becomes  so  elastic  that  monopoly  rents  are  fully  exploited. 
(However,  for  any  given  demand  situation  with  any  degree  of  elasticity, 
higher  prices  require  production  restrictions,  and  hence  at  least  tacit 
market-sharing  arrangements  to  prevent  one  member  of  the  cartel  from 
increasing  its  gains  at  the  expense  of  others.)  Since  the  operating  companies 
also  have  vested  interests  in  the  price  of  OPEC  reserves  as  long  as  they 
retain  any  monopoly  rents,  they  will  be  willing  tools  in  maintaining  an 
"orderly"  production  market. 

If,  however,  the  operating  companies  expected  the  host  nation  to  nation- 
alize the  reservoirs  soon  without  adequate  compensation  for  their  economic 
interests,  the  user  costs  of  OPEC  reserves  would  become  negative  to  the 
producing  firms,  and  they  would  try  to  increase  the  production  flow  even  if 
that  would  drive  down  current  prices  to  resource  costs  and  destroy  their 
market  power.  Thus,  threats  of  nationalization  without  adequate  com- 
pensation can  only  be  detrimental  to  the  interests  of  host  nations,  while 
favoring  consuming  nations, 

POLICY  IMPLICATIONS  OF   USER   COSTS 

In  the  Hght  of  recent  experience,  OPEC  nations  seem  likely  to  pursue 
their  attempts  to  capture  more  of  the  monopoly  rents,  and  the  companies 
their  efforts  to  exercise  all  the  available  monopoly  power  in  consumer- 
nation  markets.  Furthermore,  even  if  no  additional  monopoly  power 
remains  to  be  exploited  in  the  consuming  nations  but  if  the  OPEC  cartel  is 
intact,  monopoly  rents  will  be  redistributed  from  the  operating  companies 
(which  are  basically  residents  of  the  consuming  nations)  toward  the  OPEC 
nations,  causing  balance-of-payments  problems  and  perhaps  adverse 
changes  in  the  terms  of  trade  among  the  consuming  nations.^^  In  such  an 
ultimate  situation,  the  operating  companies  would  act  as  monopoly  tax 
collectors  for  OPEC  as  all  the  monopoly  rents  are  transferred  to  the  host 
nations.^'' 

Smce  expectations  of  price-cost  relations  can,  via  the  user  cost  inherent 
in  all  depletable  resources,  dictate  the  rate  at  which  OPEC  exploits  its  large 

36.  The  loss  in  real  income  of  the  consuming  nations  resulting  from  this  redistribution 
may  take  the  form  of  high  unemployment  if  the  OPEC  nations  do  not  spend  all  of  their 
claims  on  world  income,  and  if  the  governments  of  the  developed  nations  do  not  under- 
take compensating  expansionary  policies. 

37.  See  Adelman,  World  Petroleum  Market,  p.  256. 
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underground  reserves  in  its  search  for  maximum  economic  rents,  user-cost 
expectations  become  crucial  to  the  apparent  worldwide  energy  crisis.  The 
OPEC  strategy  on  user  costs  depends  on  OPEC's  view  of  the  growth  in 
demand  of  the  consuming  nations,  and  its  estimates  of  the  timetable  and 
prices  at  which  known  and  potential  substitutes  can  be  marketed. 

User  costs  cut  both  ways — that  is,  expectations  of  higher  prices  tend  to 
retard  current  exploitation  of  known  OPEC  reservoirs  and  exacerbate 
supply  shortages,  while  expectations  of  lower  prices  will  accelerate  exploita- 
tion. In  other  words,  if  the  OPEC  countries  expected  the  price  of  oil  to 
decline  over  the  next  dozen  years,  they  would  want  to  augment  the  flow  of 
oil  now  to  take  advantage  of  the  higher  prices  available  today  and  to- 
morrow. Hence  the  best  interests  of  the  consuming  nations  lie  in  policies 
that  encourage  the  expectation  of  a  decline  in  the  price  of  OPEC  crude  by, 
say,  1980. 

Accordingly,  consuming  nations  should  devise  policies  aimed  at  reducing 
the  degree  of  monopoly  in  the  energy-products  market,  or  at  least  at 
containing  it;  and  at  breaking  up  the  OPEC  cartel  to  prevent  redistribution 
of  economic  rents  and  the  worsening  of  the  terms  of  trade. 

A  policy  for  substitutes  and  curbing  monopoly  power  For  consuming 
countries  such  as  the  United  Kingdom,  the  United  States,  Western  Europe, 
and  Japan,  the  availability  of  substitutes  rests  on  indigenous  energy  sources 
with  low  resource  costs  or  importation  of  oil  from  low-cost,  non-OPEC, 
regions. 

Large  additional  reserves  are  unlikely  to  be  available  in  the  next  decade 
from  non-OPEC  nations  that  are  not  themselves  major  consumers;  and 
even  if  they  were,  such  host  nations  would  probably  find  their  own  self- 
interest  more  compatible  with  joining  OPEC  than  with  attempting  to  hck  it 
by  underpricing  its  oil.  Moreover,  OPEC  would  probably  see  that  its  self- 
interest  was  best  served  by  accommodating  these  countries  and  sharing 
the  fruits  of  the  cartel  with  them.  Hence  the  consuming  nations  are  unlikely 
to  find  cheap  substitutes  for  OPEC  oil  among  other  Third  World  countries. 

Thus  the  major  substitutes  are  oil  and  gas  and  other  energy  resources 
from  properties  within  the  boundaries  of  consuming  nations  or  the  ad- 
jacent continental  shelf.  Moreover,  these  substitutes  should  be  developed  by 
independent  producers  who  have  no  vested  interest  in  maintaining  or 
improving  the  capitalized  value  of  already  proved  oil  reserves. 

Accordingly,  consumer  nations  such  as  the  United  States  who  happen 
to  own  most  of  the  remaining  unexplored  potential  fossil  fuel-bearing 
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properties  within  their  national  boundaries'^  should  adopt  policies  that 
accelerate  leasing  of  offshore  tracts  and  shale  lands,  and  that  promote 
development  of  the  properties  by  independent  producers  and  government 
energy  corporations.'^  Such  poUcies  would  reduce  the  existing  degree  of 
monopoly  in  product  markets  and  permit  some  intramarginal  lands 
(which  are  being  withheld  by  government  edict)  to  be  developed  before 
forcing  producers  to  move  further  out  along  the  extensive  margin.  Further, 
requirements  for  rapid  development  and  exploitation  would  diminish  the 
abihty  of  producers  to  maintain  monopoly  power  in  the  product  market  by 
limiting  production. 

Increasing  rates  of  exploitation  of  new  reservoirs.  If  large  new  fields  in 
consuming  countries  are  currently  coming  on  stream — for  example,  in  the 
North  Sea  and  Alaska — an  announced  policy  of  rapid  exploitation,  even 
at  rates  that  exceed  the  maximum  efficient  rate  of  production  (MER),'*^  will 
induce  expectations  of  a  decline  in  the  price  for  OPEC  oil.  These  expecta- 
tions will  be  strengthened  if  an  available  substitute,  such  as  shale  or  nuclear 

38.  The  USGS  estimates  that  the  lower  forty-eight  states  contain  between  575  biUion 
and  2.4  trillion  barrels  of  oil  reserves,  while  current  proved  reserves  are  only  37  billion 
barrels.  See  Sanford  Rose,  "Our  Vast,  Hidden  Oil  Resources,"  Fortune,  Vol.  89  (April 
1974),  pp.  104-05.  T.  H.  McColloh  has  reported  that  economically  recoverable  (at  1970- 
71  wellhead  prices)  oil  reserves  in  the  United  States  are  from  about  three-and-one-half 
to  ten  times  current  proved  reserves  as  reported  by  the  industry.  See  United  States  Mineral 
Resources,  USGS  Professional  Paper  20  (1973),  pp.  491,  492.  Since  these  two  sets  of 
estimates  were  made  when  wellhead  prices  were  much  lower,  they  significantly  under- 
estimate current  economically  recoverable  reserves. 

39.  A  change  in  the  base  contract  from  the  constant-percentage  royalty  and  front- 
loaded  bonus  should  be  undertaken  to  aid  the  smaller,  independent,  producers.  For 
example,  a  bonus-variable  royalty  system  under  which  the  total  bonus  (plus  accrued  in- 
terest) would  be  paid  on  a  schedule  of  annual  payments  out  of  sales  receipts  after  the 
property  is  on  stream  would  virtually  eliminate  the  producers'  flow-of-funds  problem  for 
financing  property  acquisitions.  (If  the  property  was  abandoned  before  the  total  bonus 
bid  was  paid  off,  the  producer  would  be  liable  for  the  remaining  sum.) 

40.  MER  is  defined  as  the  highest  rate  of  production  that  can  be  sustained  over  a  long 
period  of  time  without  reservoir  damage  or  significant  loss  of  ultimate  oil  and  gas 
recovery.  To  the  extent  that  there  is  a  positive  marginal  user  cost  associated  with  any 
rate  of  flow  that  exceeds  MER  (see  Davidson,  "Public  Policy  Problems,"  pp.  91-94),  a 
subsidy  may  have  to  be  paid  on  oil  produced  //;  excess  o/MER  in  new  fields  that  are  under 
private  corporate  management.  If  the  expected  gain  to  the  consuming  nations  in  breaking 
the  OPEC  cartel  and  receiving  their  oil  at  a  price  closer  to  real  resource  costs  exceeds 
this  subsidy,  such  a  policy  would  be  desirable. 

Some  petroleum  engineers  claim  that  free  (that  is,  not  injected)  gas  saturation,  which  is 
created  by  fast  production  rates,  actually  enhances  ultimate  recovery  from  water-drive  or 
water-flood  mechanisms  so  that  no  case  can  be  made  for  a  loss  of  oil  caused  by  production 
rates  above  MER.  See  Rose,  "Our  Vast,  Hidden  Oil  Resources,"  pp.  106,  182. 
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ower,  is  to  be  independently  supplied  in  the  foreseeable  future.  Once  any 
>PEC  member  appreciates  this  eventuality,  the  cartel  will  begin  to  dis- 
itegrate  and  the  increased  production  flow  from  indigenous  fields  com- 
eting  with  OPEC  will  tend  to  reduce  monopoly  power  and  increase  supply. 


POLICY   CONCLUSIONS 

In  sum,  the  adoption  by  consuming  nations  of  policies  that  promise  to 
)rce  down  net  demand  prices  for  OPEC  oil  in  the  foreseeable  future,  but 
ppear  to  permit  host  nations  to  capture  some  large  monopoly-  rents 
irrently,  can  have  beneficial  results  for  consuming  nations.  They  will 
nleash  economic  forces  that  will  encourage  the  break-up  of  the  OPEC 
irtel,  spur  current  production,  and  exert  downward  pressure  on  estimates 
f  user  cost.  An  essential  condition  for  the  success  of  this  approach  is  the 
dstence  of  an  alternative  energy  source  whose  suppliers  have  no  vested 
iterest  in  maintaining  the  value  of  OPEC  or  other  oil  reserves.  Thus,  for 
cample,  if  the  development  of  the  shale  oil  industry  or  the  operation  of  the 
idigenous  petroleum  or  coal  industries  in  the  United  States  is  entrusted  to 
Dnglomerate  energy  companies  that  have  producing  interests  in  OPEC  or 
ther  oil  reserves,  the  success  of  any  attempt  to  provide  a  substitute,  com- 
stitively  priced,  energy  source  will  be  seriously  jeopardized.  Accordingly, 

vigorous  domestic  antitrust  policy  to  dissolve  conglomerate  "energy 
)mpanies"  into  independent  domestic  and  foreign  companies  dealing  with 
nly  one  energy  resource  is  an  essential  element  in  a  national  energy  policy. 

Any  policy  that  is  expected  to  reduce  monopoly  power  in  the  product 
arket  over  time  will  create  negative  user  costs  and  accelerate  current 
roduction  and  hence  ease  the  energy  crisis.  Thus  vigorous  antitrust 
Dlicies  and  consuming-government  regulation  of,  or  participation  in,  the 
Derations  of  producing  companies  can,  alone  or  in  combination,  force  the 
roducers  to  accept  a  more  competitive  return  on  their  investment,  and 
lereby  eUminate  monopoly  rents  and  provide  consumers  with  fuels  at 
iwer  prices. 


Market  Price  for  Self-Sufficiency  in  Oil  in  1980 

This  section  presents  estimates  of  the  long-run  market-clearing  prices 
»r  oil  that  would  be  consistent  with  U.S.  self-sufficiency  in  1980. 
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Figure  1.  U.S.  Supply  and  Demand  for  Crude  Oil,  1971  and  1980* 

Price 


Source:  See  text  for  detailed  explanation. 

a.  D,P,Q  =  demand,  price,  and  U.S.  production,  respectively 
0,  n  =  subscripts  indicating  1971  and  1980,  respectively 
Un  =  U.S.  demand  in  1980  at  1971  price 
S  =  long-run  supply. 


Figure  1  represents  the  basic  model.  Given  the  degree  of  monopoly  in 
the  petroleum  industry,  the  curve  S  represents  the  supply  path  for  crude 
oil  for  the  United  States  in  the  long  run  (where  user  costs  are  zero);"*^  Dq  is 
the  U.S.  demand  curve  for  oil  net  of  imports  in  the  base  period,  1971. 

41.  In  what  follows  we  use  the  phrase  "long-run  supply  path"  merely  to  denote  a 
supply  curve  in  which  user  costs  are  zero  and  the  only  components  of  the  flow-supply 
price  are  Keynes'  prime  and  supplementary  factor  costs  including  any  historical  monop- 
oly rents.  (See  Keynes,  General  Theory,  pp.  23-24,  67-68.)  Our  long-run  supply  price 
associated  with  production  flows  includes  all  factor  payments  to  labor  and  capital 
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Accordingly,  Qq  is  U.S.  production  in  the  base  period,  Pq  is  the  domestic 
crude  price  in  the  base  period,  U.S.  consumption  would  be  Qq  plus  imports 
(Mo)  in  the  base  period,  and  Un  represents  the  estimated  total  quantity  of 
crude  oil  that  would  be  demanded  in  the  United  States  in  1980,  at  the  base 
period  price.  This  quantity  lies  on  the  1980  total  U.S.  demand  curve,  Z)„, 
which  is  assumed  to  have  the  same  (constant)  price  elasticity  as  the  base- 
period  demand  curve,  Dq.  Hence,  in  Figure  1,  P^  represents  the  1980 
market-clearing  price  for  full  self-sufficiency — that  is,  meeting  all  U.S. 
demand  for  crude  oil  from  U.S.  production,  Q„. 

We  have  explored  three  variations  on  this  basic  model.  They  assume 
(1)  that  some  given  quantity  of  imports  from  what  we  term  "friendly"  oil- 
producing  nations,  such  as  Canada  and  Venezuela,  will  be  available  to 
meet  some  part  of  U.S.  demand  in  1980;  (2)  that  other  energy  sources  will 
become  more  important  relative  to  oil  in  supplying  U.S.  needs  in  1980; 
and  (3)  that  the  degree  of  monopoly  in  the  crude  oil-producing  industry 
will  be  zero — that  is,  market  price  will  just  equal  long-run  marginal  factor 
costs.  In  applying  the  basic  long-run  supply  model,  we  assume  that  the 
time  between  now  and  1980  is  sufficient  to  obtain  the  increased  production 
associated  with  Q^  on  our  long-run  supply  path.  In  the  final  section 
below,  we  suggest  why  we  think  that,  given  proper  governmental  actions, 
there  is  no  technical  constraint  on  achieving  the  necessary  adjustment 
in  production  by  1980. 

The  following  sections  present  the  formal  analysis  of  the  calculations 
made  and  the  data  base  used  for  the  empirical  estimates  of  prices  and 
production  quantities  underlying  self-sufficiency  in  1980.  Included  is  an 
analysis  of  the  sensitivity  of  our  1980  price  estimates  to  reasonable  varia- 
tions in  the  elasticities  of  supply  and  demand  to  price. 


THE  ANALYTICAL  MODELS 

Full  self-sufficiency.  Assuming  constant  price  elasticities  for  both  supply 
and  demand,  the  supply  equation  is  specified  as  ^  =  aP^  where  b  is  the 


(including  finding  and  development  costs).  Consequently,  at  any  point  of  time  the  supply 
prices  of  remaining  reserves  exceed  zero  only  to  the  extent  that  they  embody  capitalized 
past  finding  and  developing  costs  that  have  not  yet  been  paid  for  out  of  sales  revenues. 
I  In  adopting  this  view  we  are  emphasizing  the  important  economic  difference  between 
j  finding  what  exists  and  creating  something  new.  Nature,  not  man,  produced  mineral  de- 
]  posits  and  Nature's  long-run  supply  price  is  zero.  In  the  long  run  only  finding,  develop- 
i    ing,  and  producing  costs  must  be  paid  for. 


196 


432  Brookings  Papers  on  Economic  Activity,  2:1974 

long-run  supply  price  elasticity  and  a  is  an  arbitrary  constant;  and  the 
demand  equation  is  g  =  aP~^,  where  /3  is  the  constant  price  elasticity  of 
demand  and  a  is  an  arbitrary  constant^^  Then  the  equilibrium  price  is  the 
one  that  satisfies  the  condition  aP^  =  aP~^.  The  1980  market-clearing 
price,  P„,  as  shown  in  Figure  1,  is  computed  as^^ 

(1)  Pn  =  e\ 
where 

„  ,  ,  _  In  Ur.  -  In  go  +  (6  +  /3)  In  Pp 

The  quantity  produced  in  1980,  Q^  in  Figure  1,  is  obtained  by  substitut- 
ing equation  (1)  into  the  supply  equation  to  yield 

(2)  Qn  =  e\ 
where 

(2a)  <^  =  In  go  -  6  In  Po  +  ^  hi  Pn. 

Allowing  for  some  imports  or  substitution.  If  imports  form  part  of  the 
supply  in  1980,  the  market  price  will  be  lower  than  that  computed  under  the 
assumption  of  full  self-sufficiency.  We  have  analyzed  the  simplest  case  by 
assuming  that  the  ratio  of  imports  to  domestically  produced  crude  oil  will 
remain  unchanged  from  the  base  period,  so  that  the  market-clearing  price 
is  adjusted  downward  by  replacing  Qq  in  equation  (la)  with  {Qq  +  Mq), 
where  Mq  is  the  quantity  of  crude  oil  imported  from  specific  friendly 
countries  during  the  base  period: 

(3)  Pn  =  ^, 

where 

...  .  _  In  Ur.  -  In  (go  +  Mo)  +  {b  +  ^)  In  Po 

(3a)  e-  ^-j^^  . 

Similarly,  if,  say,  indigenous  coal  becomes  an  important  substitute  for 
crude  oil,  then  in  equations  (la)  and  (2a),  U^  is  reduced  by  the  amount  of 
additional  coal  used  in  the  /7th  year,  and  the  system  is  then  solved  as  in  the 
basic  case. 

42.  The  supply  equation  is  obtained  by  solving  the  differential  equation 

b  =  idQ/dPXP/Q), 
where  b  is  the  constant  price  elasticity.  A  similar  procedure  yields  the  demand  equation. 

43.  Derivation  available  from  the  authors  upon  request. 
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Zero  degree  of  monopoly.  The  degree  of  monopoly  power,  m,  exercised 
by  producers  in  any  market  can  be  measured  hy  m  =  {P  —  MQ/P,  where 
P  is  product  price  and  MC  is  marginal  resource  costs.  Such  a  measure 
implies  a  markup  over  marginal  costs  of 

1 


1  -m 


-  1. 


This  markup  is  compatible  with  either  profit  maximization  (in  which  case  m 
is  equal  to  the  reciprocal  of  the  price  elasticity  of  demand  at  the  point  where 
price  and  output  maximize  profit)  or  with  a  conventional  markup  over 
marginal  resource  costs  in  a  world  of  uncertainty  where  profit  maximiza- 
tion may  be  elusive. 

As  long  as  the  degree  of  monopoly  is  the  same  at  each  level  of  production, 
it  can  be  shown  that  the  elasticity  of  a  supply  function  under  an  unchanging 
degree  of  monopoly*^  is  equal  to  the  elasticity  of  the  comparable  competi- 
tive supply  function,  MC^^  With  S{mJ  representing  supply  under  a  given 
degree  of  monopoly,  Figure  2  depicts  a  family  of  long-run  supply  paths, 
exemplified  by  S{mQ),  Sim^),  and  S{m2),  where  S(fnQ)  represents  the  supply 
curve  when  the  degree  of  monopoly  is  zero,  and  the  others  represent  long- 
run  supply  paths  associated  with  different  degrees  of  monopoly.  If  in  the 
base  period  the  degree  of  monopoly  was  mg,  then  in  Figure  2  (as  in  Figure  1) 
Pq  and  Qq  represent  the  base  price  and  quantity,  respectively,  while 
Poiffio)  represents  the  base-period  price  for  that  level  of  output  in  the  total 
absence  of  monopoly.  Thus,  if  the  degree  of  monopoly  in  1980  remains  Ws, 
the  1980  self-sufficiency  price  and  quantity  are  P^  and  Q^  in  Figure  2  (the 
same  solution  as  in  Figure  1).  If,  however,  the  degree  of  monopoly  is 
reduced  to  zero  in  1980,  then  by  definition  the  1980  self-sufliciency  price 
would  be  less  than  P„.  In  fact,  under  these  assumptions,  solution  of  equa- 
tions (la)  and  (2a)  of  the  basic  model  gives  1980  prices,  P„(wo)j  below  P„, 
the  1980  self-sufficiency  price  of  our  basic  model.  That  result  provides  good 
reason  for  (1)  vigorous  antitrust  action,  or  (2)  some  form  of  government 

44.  Economic  textbooks  often  claim  that  there  is  no  supply  function  with  monopoly 
in  the  product  market;  for  example,  see  George  J.  Stigler,  The  Theory  of  Price  (3rd  ed., 
Macmillan,  1966),  pp.  212-13.  In  fact,  a  supply  function  can  be  specified  only  when  the 
degree  of  monopoly  is  determined — that  is,  the  supply  curve  is  always  derived  for  alter- 
native expected  demand  curves.  It  is  only  the  assumption  of  a  zero  degree  of  monopoly 
that  permits  the  textbooks  to  derive  the  marginal  cost  curve  as  the  supply  function  in  the 
purely  competitive  case.  Given  the  cost  function,  the  degree  of  monopoly,  and  entre- 
preneurial behavior,  a  supply  path  can  always  be  derived. 

45.  A  proof  is  available  upon  request  from  the  authors. 
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Figure  2.  U.S.  Supply  and  Demand  for  Crude  Oil,  with  Different 
of  Monopoly,  1971  and  1980^ 


Price 


S{m2) 


Pn(mo) 


Po(mo) 


Quantity 


Source:  See  text  for  detailed  explanation. 

a.  mz  =  degree  of  monopoly  (for  example,  wo  represents  a  zero  degree). 

Other  symbols  are  as  defined  for  Figure  1. 


regulation,  or  (3)  a  government  corporation — or  some  combination  of  the 
three — to  foster  a  reduction  in  the  degree  of  monopoly  in  the  industry .^^ 
We  discuss  these  alternatives  below. 


Estimates  of  Prices,  Quantities,  and  Elasticities  for  the  Model 

Estimation  of  1980  prices  and  production  under  self-sufficiency  requires 
data  on,  first,  the  wellhead  price  and  U.S.  production  in  the  base  period 


46.  Senator  Adlai  E.  Stevenson  III  has  suggested  that  a  Federal  Oil  and  Gas  Corpora- 
tion (FOGCO)  be  created  to  explore  for,  develop,  and  produce  oil  and  gas  on  lands 
owned  by  the  federal  government. 


199 


Paul  Davidson,  Laurence  H.  Falk,  and  Hoe  sung  Lee  435 

(Pq  and  Q^\  second,  the  1980  quantity  of  crude  oil  that  would  be  demanded 
at  the  base-year  price,  i7„;  and  third,  the  price  elasticities  of  demand  and 
supply. 


BASE-PERIOD   PRICE   AND  QUANTITY 

In  1971  domestic  crude  oil  production  was  near  "capacity"  as  market- 
demand  prorationing  restrictions  became  less  constraining.  Since  the  end 
of  1971  domestic  crude-oil  prices  have  been  under  government  controls. 
We  have,  therefore,  taken  the  average  1971  wellhead  price  of  $3.35  per 
barrel  and  1971  domestic  production  of  9.5  million  barrels  per  day  as 
base-period  magnitudes  lying  on  the  long-run  supply  path,  S,  in  Figure  1.^'' 
In  essence  we  are  assuming  (1)  that  statistics  for  the  years  prior  to  1971 
may  not  lie  on  the  long-run  supply  path  because  of  prorationing  pro- 
duction restrictions;  and  (2)  that  prices  and  production  statistics  since 
1971  are  hkely  to  reflect  temporary  government  controls  and  positive  user 
costs  generated  by  the  increasing  strength  of  the  OPEC  cartel  and  the 
disruption  of  the  Middle  East  War,  so  that  data  since  1971  are  Hkely 
to  lie  above  the  long-run  supply  curve. 


QUANTITY   DEMANDED  IN    1980 

For  the  quantity  of  crude  oil  that  would  be  demanded  in  1980  at  the 
base-period  price,  we  have  taken  the  projection  of  the  National  Petroleum 
Council.  NPC  estimates  an  increase  in  total  domestic  oil  demand  from  14.7 
million  barrels  per  day  in  1970  (including  all  imports  of  crude  and  refined 
products)  to  22.3  milhon  barrels  per  day  in  1980,  or  4.25  percent  per  year.^^ 
To  obtain  net  demand  for  crude  oil  from  the  NPC  statistics,  we  subtracted 
the  production  of  natural-gas  hquids  of  1.7   million  barrels   per   day 


47.  Price  statistics  from  World  Oil,  Vol.  174  (February  15, 1972),  p.  21 ;  quantity  statis- 
tics from  Oil  and  Gas  Journal,  Vol.  70  (January  31, 1972),  p.  87.  The  latter  source  (p.  93) 
was  also  used  for  base-period  import  statistics  from  Canada  and  Venezuela  in  our  model 
assuming  imports  from  friendly  nations. 

48.  National  Petroleum  Council,  U.S.  Energy  Outlook:  An  Initial  Appraisal,  1971- 
1985  (1971),  Vol.  2,  p.  15.  The  projection  assumed  that  the  economic  environment  would 
remain  unchanged  throughout  the  period  1971-85.  Hence  it  appears  to  be  equivalent  to 
our  Un  concept. 
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(MMB/d)  in  1970.  We  estimated  that  production  of  natural-gas  liquids 
will  increase  by  2.2  percent  a  year  over  the  decade  and  therefore  subtracted 
2,1  MMB/d  from  the  NPC  projection  of  total  demand  to  obtain  20.2 
MMB/d  in  1980  as  our  estimate  of  U^. 


ELASTICITY   ESTIMATES 

Supply  elasticity.  Despite  the  intensive  study  of  the  petroleum  industry 
by  economists  over  the  years,  there  is  a  paucity  of  estimates  of  supply  elas- 
ticities for  crude  oil.  Since  this  is  a  vertically  integrated  industry,  reliable 
data  on  the  response,  at  the  wellhead,  of  supply  to  the  market  price  is  ex- 
tremely difficult  to  obtain.  Moreover,  the  technology  of  oil  production, 
which  involves  a  long  gestation  period  between  well  driUing  and  production 
flows,  makes  it  extremely  difficult  empirically  to  relate  changes  in  market 
prices  at  given  points  in  time  with  the  flow-supply  responses  over  time. 
Because  we  believe  these  formidable  problems  make  direct  estimate  of 
supply  elasticities  of  crude  oil  difficult,  if  not  impossible,  we  attempted  in 
an  earher  paper  to  estimate  the  supply  elasticity  indirectly,  using  the  theory 
of  economic  rents."*^ 


49.  Paul  Davidson,  Laurence  Falk,  and  Hoesung  Lee,  "The  Relations  of  Economic 
Rents  and  Price  Incentives  to  Oil  and  Gas  Supplies,"  in  G.  Brannon  (ed.),  Studies  in 
Energy  Tax  Policy  (Ballinger,  1974),  pp.  115-55. 

Some  may  believe  that  a  stock-supply  elasticity  of  additions  to  reserves  rather  than  a 
flow-supply  elasticity  of  oil  production  is  relevant.  We  disagree  for  a  number  of  reasons. 

Since  proved  reserves  are  merely  "shelf  inventory"  for  oil  producers,  the  reserve 
elasticity  would  be  a  good  proxy  for  the  relevant  Marshallian  production-flow  elasticity 
if  it  is  assumed  that  shelf  inventory  is  continuously  maintained  as  a  constant  proportion 
to  sales.  But  Project  Independence  is  a  production-flow  goal  and  not  a  shelf-inventory 
goal,  and  a  constant  reserves-production  ratio  in  oil  is  no  more  necessary  than  is  an 
unchanging  inventory-sales  ratio  in  other  economic  activities;  therefore,  a  reserve  elas- 
ticity estimate  is  not  the  most  relevant  concept.  Certainly  no  particular  level  of  reserves  is 
necessary  for  1980. 

Moreover,  actual  changes  in  the  ratio  of  reserves  to  production  flows  will  reflect 
(1)  changes  in  the  interest  rate;  (2)  changes  in  user  cost;  (3)  the  technological  fact  that  ad- 
ditions to  reserves  are  lumpy;  and  (4)  changes  in  wellhead  prices  and  costs.  Therefore,  an 
empirical  reserve  elasticity  based  on  past  data  is  unlikely  to  reflect  accurately  the  produc- 
tion-flow elasticity.  Finally,  statistics  on  proved  reserves  as  reported  by  the  industry  are 
more  likely  to  be  biased  and  unreliable  than  production  statistics,  and  hence  any  em- 
pirical estimates  of  reserve  elasticity  are  less  reliable  than  a  production-flow  elasticity. 
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Using  the  "as  if  methodology  of  positive  economics,^^  then,  for  any 
given  degree  of  monopoly,  we  can  estimate  the  supply  elasticity  in  terms 
of  payments  to  landowners  (economic  rents)  as 

(4)  E.^'^, 

where  E^  is  the  long-run  elasticity  of  supply  and  a  is  the  proportion  of  the 
value  of  shipments  that  is  paid  to  property  owners.^^  Thus,  the  greater  is  a, 
the  less  elastic  is  the  supply  of  petroleum.^^  If,  for  example,  supply  were 
almost  perfectly  elastic,  payments  to  landowners  would  be  insignificant,  a 
would  be  negligible,  and  E^  would  approach  infinity.  If,  on  the  other  hand, 
supply  were  very  inelastic,  payments  to  landowners  would  envelop  most  of 
the  value  of  shipments,  a  would  be  very  large,  and  E^  would  approach  zero. 

Using  data  from  the  U.S.  Department  of  the  Interior  on  payments  to 
property  owners  and  the  value  of  shipments  for  petroleum  properties  on  the 
U.S.  continental  shelf,  we  estimated  that  £",  was  approximately  1.4  for  the 
years  1953-71  and  1.6  for  1971,  and  projected  it  at  approximately  1.8  by 
1980.  Since  we  believe  that  most  additional  U.S.  production  will  come  from 
offshore  properties,  we  prefer  the  1971  base-year  E^  of  1.6.  In  Tables  1-4, 
however,  we  also  show  the  differences  involved  in  using  plausible  estimates 
on  either  side  of  1.6. 

Demand  elasticity.  Both  the  income  and  price  elasticities  of  demand  are 
relevant  to  our  1980  estimates  of  demand.  The  NPC  projection  involved  a 
4.25  percent  annual  growth  in  demand  (at  the  base-period  price)  in  con- 
junction with  a  3.9  percent  annual  growth  in  GNP.  Thus  the  NPC  forecast, 
which  we  used,  implicitly  assumed  an  income  elasticity  of  1.1. 

50.  For  a  discussion  of  this  approach  see  Milton  Friedman,  Essays  in  Positive  Eco- 
nomics {\Jn\\Qxs\iy  of  Chicago  Press,  1953;  fifth  impression,  1966),  Ft.  1. 

51.  For  any  given  property  at  any  given  time  the  marginal  cost  schedule  of  annual 
production  flows  might  be  expected  to  shift  upward  over  time  (unless  offset  by  produc- 
tivity gains).  Since  each  producer  considers  these  expectations  of  changing  costs  and 
productivity  gains  over  the  life  of  the  property  when  he  enters  into  a  lease  contract,  a  will 
reflect  them.  Hence  our  supply  elasticity  reflects  the  expected  "average"  elasticity  of  the 
marginal  costs  of  production  flows  over  the  life  of  each  property.  While  the  "average" 
elasticity  in  the  aggregate  can  change  over  time,  it  is  not  likely  to  change  drastically 
over  a  decade,  since  it  is  tied  to  the  average  life  of  properties,  which  normally  exceeds 
two  decades. 

52.  In  "Relations  of  Economic  Rents,"  we  discuss  at  length  some  of  the  limitations  of 
this  measure.  Nevertheless,  we  believe  that  this  approach  does  provide  a  "ballpark" 
supply  estimate  for  others  to  discuss  or  even  shoot  at. 


202 


438  Brookings  Papers  on  Economic  Activity,  2:1974 

Studies  of  the  price  elasticity  of  demand  {Ed)  have  usually  suggested  a 
value  in  the  inelastic  range.  The  Cabinet  Task  Force  used  an  estimate  of 
0.1,  which  Standard  Oil  Company  (N.J.)  provided,  but  its  report  gave 
no  documentary  support  for  this  elasticity. ^'^  A  study  by  Burrows  and 
Domencich  reported  a  higher,  but  still  inelastic,  price  elasticity  of  0.5.^* 
In  most  of  the  following  discussion  of  our  estimates  of  the  price  and  pro- 
duction outcomes  in  1980,  we  use  E^=  1.6  and  E^  =  0.5  as,  in  our  view, 
the  most  reasonable  values. 


Empirical  Results 

The  results  of  our  analysis  are  summarized  in  Tables  1  through  4.  All 
prices  in  the  tables  are  expressed  in  terms  of  1974  dollars:  hence,  the  well- 
head price  in  the  1971  base  period  in  1974  dollars  is  $3.74 — compared  with 
the  actual  1971  price  of  $3.35.^^  All  quantities  are  reported  in  millions  of 
barrels  per  day. 

Table  1  summarizes  the  market-clearing  prices  and  quantities  for  full 
self-sufficiency  in  1980 — that  is,  no  reliance  on  imports — at  various  elas- 
ticities. Taking  1.6  and  0.5  as  the  most  reasonable  elasticities  for  supply 
and  demand,  respectively,  the  market-clearing  price  would  be  $5.36  (in 
1974  dollars)  and  the  quantity  supplied  would  be  16.9  MMB/d.  If  jE",  was 
as  low  as  1.4  and  E^  was  as  low  as  0.1,  the  price  at  full  self-sufficiency, 
given  the  degree  of  monopoly,  might  be  as  high  as  $6.19  per  barrel,  while 
19.2  MMB  d  would  be  produced.  Table  1  also  presents  price  and  produc- 
tion estimates  for  other  elasticities.^^ 


53.  Cabinet  Task  Force  on  Oil  Import  Control,  The  Oil  Import  Question,  A  Report 
on  the  Relationship  of  Oil  Imports  to  the  National  Security  (U.S.  Government  Printing 
Office,  1970),  p.  226. 

54.  See  James  C.  Burrows  and  Thomas  A.  Domencich,  An  Analysis  of  the  United  States 
Oil  Import  Quota  (Heath-Lexington,  1970),  pp.  106,  119-29.  The  negative  signs  of  Ed 
are  omitted  throughout. 

55.  The  price  adjustment  is  made  by  first  removing  the  fuel-price  component  from  the 
GNP  implicit  price  deflator  for  both  periods,  and  then  extrapolating  the  1971  wellhead 
price  to  1974  dollars,  in  proportion  to  the  change  in  corrected  GNP  deflators  between 
the  two  periods. 

56.  Spann  and  his  associates  have  estimated  a  supply  elasticity  of  0.9,  which  is  re- 
flected in  the  first  row  of  the  table.  Since  their  model  utilizes  a  Cobb-Douglas  function 
with  production  as  the  dependent  variable,  it  can  be  shown  that  their  supply-elasticity 
formula  is  comparable  to  ours.  According  to  note  17  of  their  paper  (p.  1320),  the  sum  of 
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Table  1.  Estimates  of  Market  Price  and  Quantity  for  Full  U.S. 
Self-Sufficiency  in  Oil  in  1980,  by  Selected  Elasticities 

Prices  in  1974  dollars;  quantities  in  millions  of  barrels  per  day 


Elasticity 

of  demand 

0.08 

0.1 

0.5^ 

1.0 

Elasticity 

of  supply 

Price 

Quantity 

Price 

Quantity 

Price 

Quantity 

Price 

Quantity 

0.9 

8.08 

19.0 

7.96 

18.7 

6.42 

15.4 

5.57 

13.6 

1.4 

6.23 

19.4 

6.19 

19.2 

5.57 

16.6 

5.13 

14.8 

1.6" 

5.87 

19.5 

5.84 

19.3 

5.36 

16.9 

5.00 

15.1 

1.8 

5.59 

19.6 

5.57 

19.4 

5.20 

17.1 

4.90 

15.4 

2.0 

5.38 

19.6 

5.36 

19.5 

5.06 

17.4 

4.81 

15.7 

Sources:  Authors'  model  discussed  in  the  text,  where  the  sources  of  the  basic  data  are  also  given, 
a.  Authors'  preferred  estimate. 


Figure  3  can  be  used  to  interpret  the  results  in  Table  1 .  The  5  curve  is 
the  long-run  supply  path;  Dq,  D„  and  Z)„  are  the  demand  curves  in  the  1971 
base  period,  the  current  period,  and  1980,  respectively;  Pq  is  the  1971  price 
of  S3.74;  Qo  is  the  1971  production  of  9.5  MMB/d;  and  U,  is  the  demand 
projection  for  1980  of  20.2  MMB/d.  The  current  (January  1974)  wellhead 
price,  P^,  is  S6.63  and  the  (almost)  vertical  S^  line  represents  the  current 
short-run  supply  curve,  with  Q^  being  1974  U.S.  production  of  9.2  MMB/d. 
(The  fact  that  Q,  is  less  than  Qq  is  compatible  with  short-run  positive  user 
costs  in  the  current  period.) 

Using  £■,  =  1.6  and  E^  =  0.5,  the  1980  market-clearing  price  is  given  by 
the  intersection  of  the  S  and  Z)„  curves  as  P„  (S5,36),  while  1980  production 
is  (2„  (16.9  MMB  d). 

After  we  had  completed  our  calculations,  a  study  group  at  MIT  pub- 
hshed  an  estimate  for  the  market  price  for  self-sufficiency  in  1980.^'^  Using 
a  mixture  of  econometric  and  judgmental  models  (including  the  NPC 
forecasts),  they  concluded  that  "the  price  of  energy  would  be  from  SIO.OO 
to  SI 2.00  per  barrel  if  supplies  were  Hmited  to  those  within  the  United 


their  a  +  ;3  equals  one  minus  the  rent  share,  and  hence  their  supply-elasticity  formula, 
which  is  (a  +  /3)/(l  —  a  —  /3),  is  identical  with  our  equation  (4).  See  Robert  M.  Spann, 
Edward  W.  Erickson,  and  Stephen  W.  Millsaps,  "Percentage  Depletion  and  the  Price 
and  Output  of  Domestic  Crude  Oil,"  in  General  Tax  Reform,  Panel  Discussion  before  the 
House  Committee  on  Ways  and  Means,  93  Cong.  1  sess.  (1973),  Pt.  9,  pp.  1318-20. 

57.  The  Policy  Study  Group  of  the  M.I.T.  Energy  Laboratory,  "Energy  Self-Suffi- 
ciency: An  Economic  Evaluation,"  Technology  Review,  Vol.  76  (May  1974),  pp.  23-58. 


64-282   O  -  76  -  14 
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Figure  3.  U.S.  Supply  and  Demand  for  Crude  Oil,  Model  Results,  1971, 
1974,  and  1980^ 

Price  {1974  dollars)  S, 


6.63  P. 


5.36  P, 


3.74  Po 


Quantity  {millions  of  barrels  per  day) 

Source:  Interpreted  from  Table  1.  See  text  for  detailed  explanation. 

a.  c=  subscript  indicating  1974  current  period.  Other  symbols  are  as  defined  for  Figure  1. 


States. "^^  The  MIT  study  differs  from  ours  in  that  the  authors  attempted 
merely  to  find  the  price  at  which  total  demand  and  total  supply  for  all 
fossil  fuels  and  nuclear  sources  combined  were  in  balance  in  1980,  whereas 
we  have  calculated  the  price  for  balancing  demand  and  supply  for  oil 
separately.  Nevertheless,  the  MIT  results  on  price  appear  to  be  much  higher 
than  ours.  If  the  two  studies  are  compared  on  a  common  base  (such  as  our 
simple  model  of  Figure  1),  the  difference  is  readily  explained. 

The  MIT  group  used  the  Erickson-Spann  estimate  of  supply  elasticity 
of  0.9  and  the  Hudson-Jorgenson  estimate  of  demand  elasticity  of  0.15  as  a 

58.  Ibid,  p.  28. 
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basis  for  the  $10.00  to  $12.00  estimate  of  P„  (in  Figure  1).  Plugging  these 
elasticity  estimates  into  our  model  and  solving  for  Pq — the  long-run  supply 
price  in  1971  that  would  be  consistent  with  this  range  for  the  self-sufficiency 
price  in  1980 — we  estimate  that  the  MIT  group  is  implicitly  assuming  a 
1971  price  of  between  $5.10  and  $6.30  (in  1974  dollars).  We  think  this 
range  for  implicit  base-period  prices  is  much  too  high,  and  we  suspect  that 
the  MIT  group  either  let  the  short-run  1973  price  of  $5.49  (which  was 
dominated  by  user  cost)  color  their  views  or  assumed  that  speculative 
withholdings  will  continue  to  be  profitable  in  1980  because  of  the  lack  of 
appropriate  government  policy .^^  Table  1  indicates  that  if  $3.74  is  a  more 
appropriate  estimate  of  the  long-run  supply  price  in  the  base  period,  the 
MIT  elasticities  suggest  a  price  of  under  $8.00  for  self-sufficiency  in  1980. 

The  effect  on  market  price  and  quantity  of  allowing  for  imports  of  crude 
oil  from  Canada  and  Venezuela  (in  the  same  proportion  to  total  U.S. 
production  as  in  the  base  period)  is  shown  in  Table  2.  Given  our  preferred 
elasticities,  the  1980  price  would  be  $5.11  per  barrel.  If  supply  elasticity 
were  as  low  as  1.4  and  demand  elasticity  as  low  as  0.1,  the  projected  price 
would  rise  to  S5.79  per  barrel.  A  comparison  of  Tables  1  and  2  suggests 
that  the  importation  of  Canadian  and  Venezuelan  oil  is  likely  to  reduce  the 
market-clearing  price  by  approximately  4.7  percent  and  domestic  produc- 
tion by  approximately  7.7  percent.  Thus,  it  appears  that  imports  from 
friendly  foreign  sources  are  not  likely  to  lower  the  price  of  "Project  Inde- 
pendence" dramatically. 

Table  3  displays  estimates  of  the  market  price  for  self-sufficiency  if  no 
monopoly  at  all  existed  in  the  oil  industry — in  other  words,  if  price  were 
just  equal  to  long-run  marginal  resource  cost.  To  estimate  the  zero- 
monopoly  price  in  the  base  period,  we  took  Nordhaus'  estimate  of  "the 
competitive  supply  price  for  domestic  petroleum"^^  of  $2.33  in  1970,  and 

59.  Another  possibility  is  that  the  MIT  group  implicitly  assumed  that  long-run  real 
marginal  factor  costs  for  any  given  production  flow  will  increase  over  time  from  36  to 
68  percent  more  than  producers'  historical  expectations  of  cost  changes  as  reflected  in  a. 
(This  possibility  was  implied  in  some  comments  by  Charles  L.  Shultze,  in  which  he  argued 
that  increasing  marginal  cost  over  time  is  a  special  characteristic  of  depletable  natural 
resources.  Although  this  may  be  a  characteristic  for  any  given  property  at  any  point  of 
time,  as  note  5 1  indicates,  we  do  not  believe  it  is  a  necessary  characteristic  of  the  aggregate 
of  producing  properties  considered  over  time.)  The  1973  price  of  S5.49  is  the  midyear 
weighted  average  of  prices  for  "new"  and  "old"  crude  oil,  calculated  from  World  Oil, 
Vol.  178  (February  15,  1974),  p.  73. 

60.  Nordhaus,  "Allocation  of  Energy  Resources,"  p.  557.  Nordhaus  notes  that  this 
price  is  the  "long-run  competitive  supply  price." 
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Table  2.  Estimates  of  Market  Price  and  Quantity  of  Crude  Oil  for  the 
United  States  in  1980,  Allowing  for  Imports  from  Canada  and  Venezuela, 
by  Selected  Elasticities 

Prices  in  1974  dollars;  quantities  in  millions  of  barrels  per  day 


Elasticity  of  demand 

0.08 

0.1 

0.5» 

1.0 

Elasticity 

of  supply 

Price 

Quantity 

Price 

Quantity 

Price 

Quantity 

Price 

Quantity 

0.9 

7.30 

17.3 

7.20 

17.1 

5.97 

14.5 

5.28 

13.0 

1.4 

5.83 

17.6 

5.79 

17.5 

5.28 

15.4 

4.92 

13.9 

1.6* 

5.53 

17.7 

5.50 

17.6 

5.11 

15.6 

4.82 

14.2 

1.8 

5.30 

17.8 

5.28 

17.7 

4.98 

15.9 

4.73 

14.5 

2.0 

5.13 

17.8 

5.11 

17.7 

4.86 

16.0 

4.66 

14.7 

Sources:  Same  as  Table  1. 

a.  Authors'  preferred  estimate. 


Table  3.  Estimates  of  Market  Price  and  Quantity  of  Crude  Oil  for  U.S. 
Full  Self-Sufficiency  in  1980,  Assuming  Perfect  Competition,  by  Selected 
Elasticities 

Prices  in  1974  dollars;  quantities  in  millions  of  barrels  per  day 


Elasticity 

of  demand 

0 

.08 

0.1 

0.5- 

1.0 

Elasticity 
of  supply 

Price 

Quantity 

Price 

Quantity 

Price 

Quantity 

Price 

Quantity 

0.9 

5.87 

19.5 

5.82 

19.3 

5.13 

17.3 

4.72 

16.0 

1.4 

4.48 

19.9 

4.47 

19.8 

4.31 

18.8 

4.18 

18.1 

1.6* 

4.21 

20.0 

4.21 

20.0 

4.11 

19.3 

4.04 

18.7 

1.8 

4.01 

20.1 

4.00 

20.1 

3.96 

19.7 

3.92 

19.3 

2.0 

3.85 

20.2 

3.85 

20.1 

3.83 

20.0 

3.82 

19.8 

Sources:  Same  as  Table  1. 

a.  Authors'  preferred  estimate. 


converted  it  first  into  our  zero-monopoly,  1971  base-period  price  by  in- 
creasing it  in  proportion  to  the  actual  change  in  wellhead  prices  between 
the  two  years,  and  then  into  1974  dollars  by  the  procedure  used  to  con- 
struct the  base  price  underlying  Table  1. 

The  estimated  zero-monopoly  price  for  full  self-sufficiency  in  1980  is 
$4.11  (assuming  £,  =  1.6  and  E^  =  0.5),  only  9.9  percent  higher  than  the 
1971  base-period  monopoly  price  and  dramatically  lower  than  current 
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rable  4.  Estimates  of  Market  Price  and  Quantity  of  Crude  Oil  for  Full 
U.S.  Self-Sufficiency  in  1980,  Assuming  Increased  Substitution  of  Coal 
for  Oil 

Prices  in  1974  dollars;  quantities  in  millions  of  barrels  per  day 


Elasticity 

of  demand 

0.08 

0.1 

0.5^ 

1.0 

Elasticity 

of  supply 

Price     Quantity 

Price 

Quantity 

Price 

Quantity 

Price 

Quantity 

0.9 

6.13         14.8 

6.07 

14.7 

5.29 

13.0 

4.83 

11.9 

1.4 

5.19        15.0 

5.17 

14.9 

4.83 

13.6 

4.58 

12.6 

1.6" 

4.99        15.1 

4.97 

15.0 

4.71 

13.7 

4.51 

12.8 

1.8 

4.84        15.1 

4.83 

15.0 

4.62 

13.9 

4.45 

13.0 

2.0 

4.72        15.1 

4.71 

15.1 

4.54 

14.0 

4.40 

13.1 

Sources:  Same 

as  Table  1. 

a.  Authors'  preferred  estimate. 

)rices.  Hence,  if  antitrust  or  other  governmental  policies  markedly  reduced 
he  degree  of  monopoly  in  the  domestic  crude-oil  industry,  self-sufficiency 
n  1980  would  be  achievable  and  compatible  with  lower  costs  than  con- 
umers  are  currently  paying.  In  other  words,  even  in  the  absence  of  cheaper 
Middle  Eastern  oil,  the  age  of  cheap  energy  for  U.S.  consumers  need  not 
>e  over.^^ 

Table  4  estimates  the  effects  of  increased  substitution  of  coal  for  crude 
l>il  on  the  1980  full  self-sufficiency  price.  Using  the  U.S.  government's 
ssumption^^  that  coal  production  (in  terms  of  millions  of  barrels  per  day 
lil  equivalent)  will  be  11.0  MMB/d  in  1980  and  assuming  that  all  the 
icrease  in  coal  production  from  6.2  MMB/d  in  the  1971  base  period  will 
•e  used  to  replace  crude  oil,  our  estimate  of  the  self-sufficiency  price 
,}  $4.71. 

61.  Even  for  the  most  inelastic  case  in  Table  3,  the  self-sufficiency  price  of  $5.87  is 
luch  lower  than  the  current  $6.63  wellhead  price,  indicating  substantial  potential  bene- 
its  to  consumers  of  policies  aimed  at  reducing  monopoly  markups  in  the  domestic  oil 

idustry. 

1  62.  See  "Project  Independence  Background  Paper"  (prepared  for  the  Washington 

nergy  Conference,  February  1974;  processed),  pp.  13-14.  The  Office  of  Coal  of  the 

ederal  Energy  Administration  has  since  revised  its  estimates  to  include  three  assump- 
!ons  concerning  coal  production  in  1980:  business  as  usual— 892  million  tons;  business 
federated — 1,376  million  tons;  most  likely — 950  million  tons.  The  last  assumption  is 
imilar  to  the  office's  initial  estimate  of  962  million  tons  of  coal  per  year,  which  converts 
j)  11.0  million  barrels  of  oil-equivalent  a  day. 
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SUMMARY 

In  sum,  if  the  degree  of  monopoly  in  the  domestic  oil  industry  in  1980 
is  the  same  as  it  was  in  1971,  and  if  the  government  adopts  policies  that 
assure  that  the  user  cost  inherent  in  crude  oil  is  zero,  then  the  1980  long- 
run  price  for  U.S.  self-sufficiency  will  be  $5.36  (in  1974  dollars)  and  U.S. 
production  will  be  16.9  MMB/ d.  If  imports  from  friendly  nations  such  as 
Canada  and  Venezuela  occur  in  the  same  proportion  to  U.S.  production 
as  they  did  in  1971,  then  the  price  in  1980  will  be  S5.ll.  If,  on  the  other 
hand,  coal  is  increasingly  substituted  for  crude  oil,  we  estimate  the  1980 
self-sufficiency  wellhead  price  will  be  S4.71.  All  of  these  estimates  assume 
our  preferred  elasticities  of  supply  ( 1 .6)  and  demand  (0.5).  Since  the  January 
1974  average  wellhead  price  of  domestic  crude  was  S6.63,  these  estimates 
imply  a  decrease  of  between  19.2  percent  and  29.0  percent  in  crude  prices 
in  the  next  few  years.  In  other  words,  if  speculative  expectations  can  be 
stifled  and  the  degree  of  monopoly  kept  at  its  1971  level,  self-sufficiency 
can  be  achieved  at  lower  real  costs  to  the  consumers. 

Moreover,  if  monopoly  power  could  be  ehminated  by  antitrust  action, 
government  regulation,  the  formation  of  a  federally  sponsored  corporation 
to  provide  a  competitive  yardstick,  or  some  combination  of  the  three,  then, 
as  Table  3  indicates,  the  1980  full  self-sufficiency  price  is  most  likely  to  be 
$4.11 — a  decline  of  38.0  percent  from  the  January  1974  price  of  crude. 
Even  in  the  most  pessimistic  (and  unlikely)  inelastic  case  presented  in 
Table  3,  the  1980  zero-monopoly  price  would  be  $5.87,  or  approximately 
1 1.5  percent  less  than  the  1974  price  and  only  57.0  percent  higher  than  the 
base-period  price.  Thus,  any  policy  that  substantially  reduces  the  degree 
of  monopoly  in  the  domestic  oil  industry  could  offer  dramatic  savings  to 
consumers. 

Of  course,  all  empirical  results  assume  that  domestic  production  in  1980 
involves  zero  user  costs — that  producers  do  not  withhold  production  in 
order  to  garner  higher  profits  in  the  future.  This  situation  may  occur 
fortuitously  in  1980  if  at  that  time  entrepreneurs'  views  of  the  future 
happen  to  agree  that  withholding  production  is  not  profitable.  On  the 
other  hand,  such  an  outcome  is  by  no  means  inevitable;  accordingly,  the 
U.S.  government  may  need  specific  pohcies  that  assure  it.  These  may  in- 
volve (1)  government  regulation  of  wellhead  price  with  the  unalterable 
proviso  that  permitted  price  increases  must  be  phased  in  at  an  annual  rate 


209 


Paul  Davidson,  Laurence  H.  Falk,  and  Hoesung  Lee  445 

that  is  lower  than  current  and  expected  rates  of  interest  (so  that  discounted 
profits  due  to  the  price  increase  are  negative),  or  (2)  taxes  on  capital  gains 
on  oil  reserves  and  windfall  profits  on  production  at  rates  in  excess  of  100 
percent,  or  (3)  both.^^  Such  policies,  operating  in  tandem  with  the  breaking 
up  of  conglomerate  energy  corporations  into  independent  individual  pro- 
duction units  advocated  in  the  first  half  of  this  paper,  will  go  a  long  way 
toward  preventing  positive  user  costs  and  their  adverse  impact  on  the 
production  of  energy  resources  at  home  and  abroad. 

Finally,  and  most  important,  the  reader  is  cautioned  that  the  objective 
of  the  second  half  of  this  paper  has  been  to  provide  a  range  of  crude  oil 
prices  in  1980.  If  the  U.S.  government  actively  pursues  the  policies  we  advo- 
cate, we  expect  the  1980  wellhead  price  of  crude  oil  in  the  United  States 
to  range  between  $5  and  $7  (in  1974  dollars)  rather  than  between  $10 
and  $12,  as  others  have  suggested.  On  the  other  hand,  if  the  government 
permits  a  free  market  price  for  oil  without  altering  existing  conditions,  the 
1980  price  for  self-sufficiency  could  easily  be  even  higher  than  $12  as  the 
user-cost  estimates  of  domestic  producers  encourage  them  to  act  as  willing 
but  silent  partners  in  the  OPEC  cartel.  In  that  case,  domestic  oil  prices  will 
in  essence  be  set  by  the  sheiks  on  the  Persian  Gulf,  for  we  see  no  reason  to 
believe  that  the  OPEC  cartel  will  unravel  of  its  own  accord. 


A  FINAL  CAVEAT 

The  $5.36  price  estimated  for  the  self-sufficiency  situation  in  1980 
involves  an  increase  in  annual  production  of  crude  oil  of  more  than  75 
percent  from  current  levels.  Aside  from  positive  user  costs,  two  factors  may 
hmit  the  abihty  and  willingness  of  the  industry  to  expand  by  1980  along  the 
long-run  supply  path  embodying  a  constant  degree  of  monopoly. 

First,  the  implied  increase  in  exploration  activities  between  1974  and 
1980  may  be  unachievable  at  reasonably  stable  input  prices,  as  bottlenecks 
develop  in  the  input  markets:  shortages  may  occur  in  drilling  rigs,  or  in  the 
supply  of  geologist  teams,  or  in  the  funds  necessary  for  expansion. 

In  this  connection,  however,  statistics  show  that  the  number  of  shut-in 
oil-producible  zones  on  the  U.S.  outer  continental  shelf  jumped  from  14.3 

63.  Other  policies  could  achieve  the  same  objective — government-held  buffer  stocks 
that  could  be  dumped  if  the  price  begins  to  rise,  for  one  example.  Once  the  principle  of 
zero  user  costs  is  recognized  and  accepted,  economists  should  be  able  to  conceive  of 
many  alternative  policies. 
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percent  of  the  total  completions  of  producible  oil  zones  in  1971  to  44.4  per- 
cent in  1972  and  44.5  percent  in  1973,^*  while  the  number  of  completed 
wells  continued  to  grow  by  some  300  per  year  from  5,718  in  1971  to  6,421  in 
1973.  This  tremendous  increase  in  readily  available,  but  unused,  productive 
capacity  is  compatible  with  the  sudden  appearance  of  large  positive  user 
costs  in  1971  as  OPEC  actions  began  to  escalate  oil  prices  worldwide. 
Nevertheless,  these  shut-ins  mean  significant  additional  capacity  already  in 
place,  and  the  remaining  exploration  and  development  costs  necessary  to 
achieve  self-sufficiency  by  1980  are  thus  significantly  lower  (and  hence 
bottlenecks  are  less  threatening)  than  the  inferences  of  a  simple  comparison 
of  estimated  1980  output  with  current  production. ^^ 

Moreover,  to  the  extent  that  the  government  alters  its  leasing  policy  from 
front-loaded  bonus  contracts  with  fixed-percentage  royalty  to  a  bonus 
system  to  be  paid  out  of  sales  revenues  (as  explained  in  note  39),  financial 
constraints  will  be  significantly  reduced  because  a  major  portion  of  the 
investment  costs  (for  land)  can  be  financed  out  of  sales  receipts. 

Second,  current  (January  1974)  prices  of  $6.63  per  barrel  provide  huge 
windfall  profits  over  long-run  marginal  factor  costs,  and  hence  at  least 
temporarily  there  has  been  a  tremendous  increase  in  profit  markups  and 
therefore  in  the  degree  of  monopoly  since  the  1971  base  period.  If  pro- 
ducers (and  buyers)  come  to  accept  the  current  higher  degree  of  monopoly 
as  a  permanent  characteristic  of  the  industry,  the  relevant  long-run  supply 
will  shift  upwards  and  the  market-clearing  self-sufficiency  price  will  be 
higher  and  production  lower  than  our  preferred  estimate.  Figure  4  shows, 
for  example,  the  long-run  supply  curve  S{m2)  for  the  degree  of  monopoly 
in  the  base  period.  Here,  Dq,  D^,  and  Z)„  represent  the  demand  curves 
in  the  base  period,  current  period,  and  1980,  respectively;  Pq,  Qq,  and 
Pn(f^2)>  Qni'^2)  ^re  the  price  and  production  levels  for  the  base  period  and 
for  1980,  respectively.  The  current  levels  of  price  and  production,  which 
are  represented  by  P^  and  Q„  lie  on  the  short-run,  almost  vertical,  supply 
curve,  Sp,  and  on  a  long-run  supply  curve,  S(m^),  which  represents  a  higher 
degree  of  monopoly  (wg)  than  obtained  in  the  base  period.  If  m^  should 


64.  U.S.  Geological  Survey,  Outer  Continental  Shelf  Statistics  (1974),  p.  34.  In  1965, 
for  example,  the  ratio  of  shut-ins  was  18  percent,  and  the  trend  was  steadily  downward 
until  1972. 

65.  If  the  United  States  had  such  a  large  percentage  of  its  total  productive  facilities 
shut  down,  does  anyone  doubt  that  GNP  could  be  increased  by  75  percent  by  1980  with- 
out severe  bottlenecks? 
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Figure  4.  U.S.  Supply  and  Demand  for  Crude  Oil,  Assuming  the  1974 
Degree  of  Monopoly  Becomes  Permanent^ 
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Source:  See  text  for  detailed  explanation. 

a.  W2  and  mj  =  the  1971  and  new,  higher,  1974  degrees  of  monopoly,  respectively.  Other  symbols  are  as 
defined  for  Figure  1. 


persist  through  1980,  then  the  self-sufficiency  price  will  be  P„(w3) — which 
is  higher  than  PJjn2) — and  production  will  be  Q^irn^) — which  is  lower  than 
Q„(w2).  All  of  our  self-sufficiency  estimates  are  based  on  the  assumption 
that  no  disruptive  bottlenecks  will  occur  and  that  monopoly  will  not 
intensify.  Obviously,  if  these  factors  become  important  as  1980  approaches, 
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the  government  will  have  to  develop  policies  to  counteract  them.  Merely 
setting  the  goal  of  self-sufficiency,  although  desirable  from  the  consumer's 
standpoint  in  a  cartelized  world  oil  market,  is  not  sufficient.  The  need  is 
for  supportive  policies  to  bring  prices  in  hne  with  long-run  factor  costs  by 
reducing,  or  at  least  containing,  monopoly  power;  to  discourage  inventory 
speculation  by  reducing  the  user  cost  of  crude  oil  to  zero;  and  to  alleviate 
bottlenecks  if  they  occur.^^ 

66.  For  example,  bottlenecks  may  call  for  government  allocations  of  scarce  resources 
(at  constant  factor  prices),  or  redefining  self-sufficiency  to  include  imports  from  friendly 
nations,  or  delay  in  achieving  self-sufficiency.  Since  the  current  degree  of  monopoly  is 
higher  than  historically  normal,  the  government  must  take  steps  at  least  to  reduce 
monopoly  power  to  its  former  level. 
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THE  COST  OF  FINDING,  DEVELOPING,  AND  PRODUCING 
CRUDE  OIL  IN  THE  UNITED  STATES 


Much  attention  has  been  given  to  the  substantial  increases 
in  the  price  of  crude  oil  since  the  embargo  some  18  months  ago. 
The  focus  has  been  on  prices  of  both  imported  supplies  and 
domestic  supplies.   Strong  concern  has  been  manifested  about 
the  impact  of  oil  prices  on  consumers  and  also  the  inflationary 
aspects  of  the  sharply  higher  prices.   Much  less  attention  has 
been  focused  on  supply  considerations. 

For  a  few  years  the  price  of  oil  in  the  United  States  was 
held  down  by  prospects  of  low  cost  imports.   Data  clearly  indicate 
that  petroleum  could  be  imported  at  far  less  than  new  production 
costs  in  the  United  States.   This  resulted  in  increased  depen- 
dence on  imports  and  less  reliance  on  new  resources  explored 
and  exploited  in  the  U.S.   The  marked  decline  over  the  years  in 
exploratory  drilling  appears  clearly  to  have  been  the  result  of 
low  prices  that  did  not  cover  economic  costs.   The  low  prices 
were  attributable  to  costs  of  imported  petroleum  and  the  price 
control  threat  inherent  in  the  Oil  Import  Program. 


In  order  to  shed  light  on  the  price  problem  for  new  domestic 
oil,  we  have  undertaken  an  analysis  of  the  true  economic  costs 
involved  in  all  aspects  of  new  production  of  crude  oil  in  this 
country.   The  results  are  both  significant  and  provocative.   It 
is  quite  clear  that  for  some  time  oil  prices  in  the  United  States 
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have  been  at  levels  well  below  actual  costs  and  this  has  had 
a  discouraging  impact  on  finding  and  developing  new  sources  of 
oil  supplies.   These  findings  may  not  be  good  news  for  us, 
but  it  is  essential  that  the  facts  be  developed  and  aired  in 
order  to  arrive  at  policies  which  will  be  compatible  with  moving 
toward  the  fulfillment  of  our  national  objectives  of  reducing 
our  dependence  on  insecure  sources  for  energy  and  reducing  the 
unfavorable  balance  of  payments  resulting  from  heavy  imports 
of  crude  oil  and  petroleum  products.   Simultaneously,  we  must 
take  into  account  the  longer  run  needs  of  consumers  and  the 
problems  of  general  inflation. 

The  following  observations  relate  specifically  to  the  cost 
and  price  problems  of  new  oil  development  in  the  United  States 
and  should  help  to  shed  light  on  a  complex  and  sensitive  subject. 
It  should  be  noted  that  these  problems  are  quite  distinct  from 
two  other  issues  that  must  be  addressed  by  overall  energy 
policy;  the  problem  of  conservation  by  constraining  demand; 
and  thf:  problem  of  preventing  or  offsetting  unintended  enrich- 
ment of  producers  of  old  oil  or  impoverishment  of  consumers. 
Here  we  are  dealing  only  with  incentives  and  means  to  add  to 
domestic  supplies. 

Unless  oil  can  be  sold  by  producers  at  prices  sufficient 
to  cover  costs  plus  a  return  on  the  operator's  capital  invest- 
ment sufficient  to  sustain  exploration,  then  surely  wildcat 
drilling  in  the  United  States  will  decline.   It  is  the  rate 
of  return  on  capital  investment  that  provides  the  driving  force 
to  sustain  the  level  of  exploratory  activity.   This,  in  turn, 
determines  the  level  of  our  oil  discoveries  and  production 


I 


216 
111 

RRNA 


volume.   It  is  in  this  context  that  we  must  take  note  of  the 
huge  cost  increases  that  have  been  experienced  in  finding, 
developing,  and  producing  crude  petroleum. 

The  attached  table.  Exhibit  I,  provides  data  on  the  economic 
cost  of  finding,  developing  and  producing  crude  oil  in  the 
United  States  for  each  year  during  the  period  1959  through  1974. 
The  oil  (and  related  gas)  reserves  found  each  year  represent 
the  total  quantity  of  usable  reserves  that  are  available  for 
production  attributable  to  all  new  wells  drilled  within  that 
year.   The  total  level  of  capital  investment  in  drillings  each 
year  in  the  United  States  (excluding  Prudhoe  Bay)  is  also  shown. 
Revenues  from  the  sale  of  each  year's  discovered  reserves  of 
oil  and  their  attendant  costs  were  projected  year  by  year  over 
the  calculated  life  of  the  res'erve.   The  price  at  which  each 
year's  discovered  oil  was  assumed  to  be  sold  over  the  life  of 
the  reserve  was  then  determined  to  be  at  that  level  which  would 
yield  a  discounted  cash  flow  rate  of  return  to  the  producer  of 
15  percent  after  payment  of  all  costs,  including  income  taxes. 
This  is  referred  to  as  the  "economic  price,"  in  that  it  repre- 
sents the  price  necessary  to  induce  wildcat  producers  to  take 
the  risks  and  incur  the  costs  attendant  on  finding  and  develop- 
ing new  sources  of  crude  oil. 

In  the  calculations,  all  costs  incurred  in  the  drilling  of  dry 
wells  as  well  as  new  discoveries  have  been  taken  into  account. 
All  tax  incentives,  such  as  intangible  drilling  costs  and  per- 
centage depletion,  as  th^y  actually  existed  in  each  year  have 
been  added  to  cash  flow  in  arriving  at  the  price  needed  to 
yield  the  15  percent  rate  of  return.   The  1974  calculatec.  price 
does  not,  therefore,  reflect  the  increased  costs  and  reduced 
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capital  accumulation  which  will  result  from  the  changes  in 
percentage  depletion  rates  and  the  65  percent  taxable  income 
ceiling  enacted  in  1975.   It  does  not  take  into  account  the 
10  percent  minimum  preference  tax  on  percentage  depletion  or 
the  higher  than  50  percent  income  tax  bracket  of  many  individual 
entrepreneurs . 

An  enterprise  engaged  in  oil  exploration  is  distinctly 
unique  from  most  other  kinds  of  business.   It  utilizes  depleting 
capital  as  income  and  then  3xpends  the  larger  part  of  this 
income  in  ventures,  many  of  which  result  in  a  negative  return. 
Four  out  of  five  exploratory  wells  drilled  are  dry.   A  15  percent 
return  on  invested  capital  must  be  regarded  as  an  extremely 
conservative  base  for  calculating  the  economic  price  in  an 
industry  that  is  so  speculative  and  >-isk-laden. 

The  year  by  year  economic  price  and  the  actual  price 
received  for  oil  discovered  over  the  1959-74  period  are  shown 
graphically  in  Exhibit  II.   As  is  evident,  only  in  1959  did 
the  price  actually  received  equal  or  exceed  the  economic  price 
for  new  crude  oil.   The  consequences  of  this  price  situation 
should  have  been  anticipated.   During  this  1959-74  period  the 
number  of  barrels  per  exploratory  well  drilled  dropped  by  almost 
50  percent.   The  level  of  drilling  activity  fell  by  56  percent. 
The  number  of  independent  oil  producers  declined  from  an  estimated 
20,000  to  10,000.   The  price  chart  largely  explains  these 
declines.   Reasonable  returns  from  exploratory  drilling  involved 
real  costs  that  far  exceeded  the  prices  at  which  oil  was  being 
bought  abroad. 
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Despite  the  recent  price  increases  in  crude  oil,  the 
economic  cost  of  new  oil  remained  above  the  price  actually 
received  through  1974.   If  new  oil  prices  were  rolled  back  or 
if  ceilings  on  new  oil  were  set  at  levels  below  the  economic 
cost,  taking  into  account  the  cost  effects  of  the  changes 
already  made  in  percentage  depletion,  we  could  well  again 
experience  the  situation  that  resulted  in  the  precipitous 
decline  in  the  discovery  of  oil  reserves  over  the  past  20  years. 
Oil  is  more  difficult  to  find  than  in  the  earlier  years  of  the 
industry,  but  scientific  techniques  are  increasingly  sophis- 
ticated and  costly.   If  the  decline  in  domestic  discoveries 
is  to  be  reversed  for  any  extended  period  of  time,  the  existence 
of  appropriate  economic  incentives  --  absent  for  so  many  years  — 
is  a  necessary  prerequisite  for  more  exploration. 

To  the  degree  that  exploration  for  new  oil  in  the  United 
States  is  discouraged,  additions  to  reserves  and  domestic  pro- 
duction will  be  at  lower  levels.   This  will  leave  the  nation 
with  the  unpleasant  choice  of  importing  more  oil  from  the  Mideast 
and  African  OPEC  countries  or  greatly  reducing  consumption. 
Reducing  consumption  should  be  pursued  but  it  will  entail  sharply 
increased  prices,  sharply  increased  taxes,  or  rationing  —  or 
some  combination  of  these.   Despite  the  higher  costs  to  obtain 
new  domestic  oil,  the  implicit  price  compares  favorably  with 
the  price  of  imported  oil  and  yields  a  large  bonus  in  the  form 
of  national  security. 

Approximately  two-thirds  of  domestic  crude  oil  is  sold 
at  the  controlled  price  of  $5.25  per  barrel;  the  remaining  one- 
third  is  not  subject  to  price  ceilings.   Production  of  crude  oil 
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at  uncontrolled  prices  comes  to  about  2.9  million  barrels 
a  day,  accounting  for  some  17  percent  of  the  total  supply, 
including  imports  from  abroad,  needed  to  meet  United  States 
demand  for  petroleum  products.   The  effect  on  consumer  prices 
for  all  petroleum  products  that  would  result  from  lowering 
prices  on  the  17  percent  share  of  the  market  accounted  for  by 
oil  presently  sold  at  market  prices  is  clearly  very  limited. 

The  thrust  of  the  foregoing  analysis  is  clear.   It 
costs  a  great  deal  more  to  find,  develop,  and  produce  oil  today 
than  ever  in  the  past.   If  this  nation  is  serious  about  reducing 
dependence  on  oil  imported  from  insecure  sources,  it  will 
have  to  pay  sufficient  prices  to  cover  the  true  economic  costs 
of  exploration,  discovery,  development,  and  production. 


April    22,    1975 
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Exhibit  III  A. 


Economic  Price  of  New  Oil  and  Price  Received  for  Oil 


Economic  Price 

Price  Received 

Year 

for, New  Oil 

1/ 

for  Oil  y 

Difference 

($  per  bbl. 

($  per  bbl.) 

($  per  bbl.) 

1959 

2.86 

3.25 

-  .39 

1960 

3.40 

3.25 

.15 

1961 

3.34 

3.20 

.14 

1962 

3.77 

3.10 

.67 

1963 

4.27 

3.10 

1.17 

1964 

3.32 

3,10 

.22 

1965 

3.79 

3.10 

.69   • 

1966 

4.73 

3.11 

1.62 

1967 

4.99 

3.11 

1.88 

1968 

5.13 

3.16 

1.97 

1969 

7.01 

3.32 

3.69 

1970 

7.25 

3.40 

3.85 

1971 

8.22 

3.60 

4.62 

1972 

7.36 

3.60 

3/ 

3/ 

3.76 

1973 

8.63 

4.20 

4.43 

1974 

12.73 

10.50 

2.23 

1/  Col.  18,  Exhibit  I 

2/   Price  received  for  oil  during  year  (East  Texas  Field) 

3/  New  oil 
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Exhibit  IV  A.   Domestic  Production  of  Crude  Oi.l  and  Natural  Gas 
Liquids  and  Imports  of  Crude  Oil  and  Refined  Petroleum  Products 
United  States  1959  -  1974 


Year 


U.S. 

Imports 

U.S. 

Production 

into  U.S. 

Consumption 

000  Bls/Day) 

{000  Bls/Day) 

(000  Bls/Day) 

7,969 

1,780 

9,749 

8,194 

1,815 

10,009 

8,242 

1,917 

10,159 

8,496 

2,082 

10,578 

8,838 

2,123 

10,961 

8,976 

2,258 

11,234 

9,242 

2,468 

11,710 

9,720 

2,573 

12,293 

10,339 

2,537 

12,876 

10,796 

2,839 

13,635 

11,215 

3,166 

14,381 

11,549 

3,419 

14,968 

11,523 

3,926 

15,449 

11,861 

4,741 

16,602 

11,296 

6,256 

17,552 

10,781 

6,083 

16,864 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
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CALCULATION  OF  NEW  OIL  COSTS 

UNITED  STATES 

YEARS  1959  THROUGH  1974 

May  1,  1975 


FOREWORD 

Scope  of  Investigation 

A  study  has  been  made  to  estimate  the  economic  cost  of  find- 
ing, developing,  and  producing  crude  petroleum  in  the  United 
States,  exclusive  of  the  Prudhoe  Bay  field  in  Alaska,  for  each 
year  during  the  period  from  1959  through  1974.   Yearly  historical 
additions  to  the  United  States  oil  reserve  inventory  were  analyzed 
as  were  the  expenditures  associated  with  petroleum  exploration  and 
development  and  production.   Projections  of  production  and  revenue 
attributable  to  the  reserves  added  were  processed  using  an  econom- 
ic model  designed  specifically  for  the  purpose.   As  an  aid  to 
interpreting  the  significance  of  derived  economic  oil  costs, 
various  petroleum  activity  indicators  were  compiled  and  compared 
to  the  selling  price  of  oil.   While  this  study  is  specifically 
concerned  with  crude  petroleum  and  its  associated  gas,  the 
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techniques  used  are  also  generally  applicable  to  natural  gas 
exploration  since  many  economic  factors  are  common  to  both. 
Authority 

This  study  was  authorized  by  Mr.  Robert  R.  Nathan,  Presi- 
dent of  Robert  R.  Nathan  Associates,  Inc. 
Source  of  Information 

Information  used  in  this  study  was  obtained  from  published 
sources  which  we  consider  to  be  the  most  reliable  and  complete, 
our  own  files,  and  work  papers  compiled  during  previous  work  on 
cost  data  for  Project  Independence.   The  calculations  of  new 
oil  cost  are  consistent  with  those  developed  by  the  Interagency 
Task  Force  on  Oil,  chaired  by  Dr.  V.  E.  McKelvy  of  the  U.  S. 
Geological  Survey.   Some  of  the  more  important  published  refer- 
ences may  be  found  in  Appendix  A  and  other  sources  are  given  as 
footnotes  on  various  tables  and  figures  in  this  report. 
SUMMARY  AND  CONCLUSIONS 

A  series  of  computations  have  been  made  for  each  of  the 
years  from  1959  through  1974  to  estimate  the  economic  cost  of 
crude  petroleum  in  the  United  States.   These  studies  show  that 
the  economic  cost  of  crude  petroleum  in  the  United  States,  ex- 
clusive of  Prudhoe  Bay,  increased  from  $2.86  per  barrel  in  1959 
to  $8.70  per  barrel  in  1973.   During  the  same  period,  the  typical 
selling  price  of  new  oil  increased  from  $3.25  to  $4.00  per  bar- 
rel. 
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As  a  consequence  of  the  ever  increasing  disparity  between 
the  actual  economic  cost  and  selling  prices,  petroleum  explora- 
tion during  the  period  declined  sharply.   Between  1959  and  1973 
total  drilling  activity  dropped  50  percent,  drilling  rigs  in 
service  declined  by  60  percent,  and  over  100  producers,  many  of 
substantial  size,  found  it  more  attractive  to  sell  their  prop- 
erties to  larger  international  firms  than  to  continue  explora- 
tion activities. 

Nationwide  costs  have  not  been  compiled  for  1974,  but  we 
have  estimated  capital  expenditures  based  on  the  number  of  wells 
drilled  and  have  calculated  the  economic  cost  of  oil  found  in 
1974  to  be  $12.84  per  barrel.   As  a  result  of  the  Arab  embargo, 
the  1974  selling  price  for  crude  oil  increased  to  approximately 
$10.00  per  barrel,  providing  great  stimulus  to  exploratory  dril- 
ling and  a  marked  reversal  in  the  15-year  trend  of  declining 
activity. 

Economic  cost  is  defined  as  the  cost  of  finding,  developing, 
and  producing  crude  petroleum  plus  the  minimum  return  on  the 
operator's  capital  necessary  to  sustain  exploration.   The  econom- 
ic costs  of  new  oil  supplies  are  calculated  by  the  discounted 
cash  flow  rate  of  return  method  whereby  revenues  from  the  sale  of 
oil  and  their  attendant  costs  are  projected  yearly  over  the  ex- 
pected life  of  the  reserve.   Oil  prices  are  adjusted  within  the 
economic  model  until  the  discounted  cash  flow  rate  of  return  to 
the  producer  (after  federal  income  taxes)  is  15  percent,  the 
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minimum  required,  in  our  opinion,  to  maintain  exploration 
levels.   Detailed  results  of  the  economic  calculations  and  the 
methods  used  in  their  derivation  are  contained  within  the  text 
of  the  report. 

One  important  factor  affecting  economic  oil  costs  is  the 
depletion  allowance  which  has  now  been  repealed  for  the  nation's 
major  producers.   Calculations  made  previously  using  the  same 
economic  model  but  not  included  in  this  work  have  shown  that 
elimination  of  the  depletion  allowance  will  increase  economic 
costs  of  new  oil  by  approximately  20  to  24  percent. 

Submitted , 
LaRUE,  MOORE  &  SCHAFER 

John  D.  LaRue,  P.E. 
SIGNED:   May  1,  1975 
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DISCUSSION 


Petroleum  Exploration 

The  basic  elements  of  petroleum  exploration  are  much  the 
same  around  the  world.   Crude  oil  production  is  the  culmina- 
tion of  a  man's  idea  —  the  successful  testing  of  a  correct 
hypothesis  of  where  oil  might  be  found.   Ideas  come  from  many 
sources,  such  as  a  study  of  aerial  photographs,  reconnaissance 
seismic  surveys,  examination  of  logs  from  unsuccessful  wells, 
and  analogies  with  conditions  elsewhere.   Pursuit  of  explora- 
tion ideas  may  result  in  a  pie-ce  of  tangible  information  which 
strengthens  the  idea.   This  piece  of  information,  which  is  fre- 
quently referred  to  as  a  "lead",  may  be  nothing  more  than  the 
subtle  change  in  contour  spacing  on  a  map  or  the  way  a  river 
changes  its  course  as  it  flows  through  the  plain. 

Leads  which  offer  the  most  promise  are  investigated  by  as- 
signing additional  geologists,  geophysicists ,  engineers,  and 
supporting  staff  to  make  interpretations  of  all  available  geolo- 
gic data  and  postulate  petroleum  accumulations.   If  the  idea 
still  appears  to  have  merit  (in  the  order  of  one  in  one  hundred 
will),  the  lead  may  be  upgraded  into  a  "prospect".   At  this 
point,  leases  are  purchased,  geophysical  crews  are  engaged  to 
make  surveys,  and  geological  core  holes  may  be  drilled.   Explora- 
tion geologists  and  geophysicists  will  then  interpret  the  new 
information  to  see  if  the  original  concept  was  valid.   If  the 
new  data  still  supports  the  prospect  (in  many  cases  it  will  not) 
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and  it  appears  to  have  sufficient  commercial  potential  in  rela- 
tion to  others  being  evaluated,  the  prospect  is  slated  for  one 
or  more  exploratory  wells. 

Proof  of  petroleum  reserves  comes  only  from  drilling 
exploratory  wells  --  there  is  no  other  way.   The  best  of  modern 
geophysical  techniques  give  only  a  shadowy  inference  of  places 
to  look  for  petroleum  accumulations.   The  exploratory  well  may 
be  productive  or  dry,  but  the  odds  greatly  favor  its  being  dry. 
In  1974,  for  example,  6,600  of  the  8,600  exploratory  wells  drilled 
failed  to  find  either  oil  or  gas  and  were  abandoned  as  dry  holes. 
If  the  exploratory  well  is  successful  in  finding  oil,  new  oil 
reserves  are  added  to  the  United  States  inventory.   Reserves 
added  by  drilling  are  classified  into  three  general  categories: 
new  fields,  new  reservoirs  in  old  fields,  and  extensions  to  old 
fields.   Reserves  added  by  drilling  have  historically  been  revised 
upward,  most  commonly  through  implementation  of  enhanced  oil  re- 
covery techniques. 
Development  and  Exploitation 

The  foregoing,  which  is  generally  referred  to  as  the  explora- 
tory phase  in  the  life  of  an  oil  field,  is  followed  by  the  devel- 
opment of  the  field  when  additional  wells  are  drilled  and  equipment 
is  installed  to  accommodate  oil  production. 

Development  investment  is  usually  divided  by  accounting  con- 
ventions into  two  categories:  well  drilling  and  equipping  costs, 
and  lease  equipment  costs.   The  well-associated  costs  include  all 
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conduits  through  which  oil  is  produced  to  the  surface  and  the 
wellhead  assembly.   Lease  equipment  includes  surface  and  subsur- 
face pumping  equipment,  pipelines  to  storage,  and  lease  storage 
tanks  required  for  holding  and  measuring  crude  petroleum  before 
it  is  sold. 

Exploitation  of  the  field  begins  when  the  first  well  is 
placed  on  production  and  continues  until  operating  costs  equal 
the  operating  revenues  at  which  time  the  field  is  abandoned. 
During  the  exploitation  period  which  typically  lasts  25  to  30 
years,  wells  require  continuilig  attention  to  keep  oil  production 
at  economic  levels;  the  costs  of  labor  and  materials  to  maintain 
equipment  and  oil  production  are  referred  to  as  producing  or 
operating  costs. 
Economic  Considerations 

A  glance  at  dry  hole  statistics  on  Table  4  shows  that  many 
failures  accompany  the  successful  wells  which  define  new  oil 
fields.   Each  failure  represents  a  considerable  expenditure  of 
time  and  monies  in  terms  of  geophysical  and  geological  cost, 
lease  acquisition,  general  and  administrative  cost,  and  all  other 
outlays  attributable  to  getting  the  prospects  to  the  point  where 
they  are  abandoned  or  selected  for  drilling. 

Any  viable  entity  engaged  in  prospecting  for  and  producing 
crude  petroleum  must  generate  enough  economically  successful 
ventures  to  pay  for  both  its  failures  and  successes.   Moreover, 
to  justify  continuing  exploration  activity,  the  producer  must 
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;arn  a  return  on  investment  commensurate  with  his  risks.   Should 
:he  producer  do  otherwise,  petroleum  exploratory  activity  would 
iecline  and  firms  having  revenues  from  oil  production  would 
seek  more  secure  investment  opportunities.   One  tremendously 
:omplicating  factor  is  that  oil  is  discovered  in  a  somewhat  ran- 
lom  fashion  and  a  firm  exploring  for  oil  may  continue  in  a 
let-loss  position  for  several  years  before  it  can  be  determined 
:hat  it  is  unable  to  continue  or  until  a  discovery  is  made  which 
:overs  the  previous  losses. 

In  this  study  we  have  endeavored  to  set  out  in  the  most 
straightforward  manner  possible  the  relationship  between  oil 
■Qund  and  cost  attributable  to  the  finding  of  that  oil.   The 
irame  of  reference  is  the  entire  United  States  during  the  past 
.6  years,  exclusive  of  the  Prudhoe  Bay  field  in  Alaska  which  is 
.n  a  geological  province  for  which  we  have  very  little  history. 

The  15  years  prior  to  1974  have  been  a  period  of  declining 
)etroleum  exploratory  activity.   During  this  period,  an  increasing 
lumber  of  producers  found  that  in  the  face  of  rising  costs  they 
:ould  not  find  enough  new  oil  to  justify  attempts  to  replace 
:heir  reserves  and,  therefore,  began  de  facto  liquidation.   Be- 
:ause  of  the  random  nature  of  petroleum  finding,  a  few  explorers 
)rospered  during  this  period,  but  most,  and  indeed  the  nationwide 
exploratory  industry  as  we  shall  show  later,  did  not. 

We  have  quantified  the  effects  of  increasing  costs  and  de- 
rreasing  finding  rates  on  the  cost  of  new  petroleum  reserves  in 
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the  United  States.   It  serves  no  useful  purpose  to  state  that 
finding  costs  are  so  much  a  barrel  and  lifting  costs  have  in- 
creased to  a  specific  level  unless  one  is  so  familiar  with  the 
magnitude  of  these  numbers  that  they  can  intuitively  be  con- 
verted into  profitability.   Since  few  people,  even  those  within 
the  petroleum  industry,  can  readily  make  this  transition,  the 
historical  economics  of  oil  finding  have  been  expressed  in 
terms  of  the  economic  cost  of  new  oil. 

The  economic  cost  of  new  oil  is  calculated  by  taking  into 
account  the  amount  of  oil  discovered  in  any  one  year  and  the 
cost  of  finding,  developing,  and  producing  that  oil,  plus  the 
minimum  rate  of  return  on  the  operator's  investment  necessary 
to  sustain  activity.   When  the  economic  cost  is  compared  to  the 
actual  selling  price  of  crude  oil,  great  insight  is  provided 
into  the  forces  that  drive  petroleum  exploration  levels.   The 
next  section,  "Methodology",  gives  a  detailed  account  of  how 
economic  costs  of  new  oil  are  calculated. 
Methodology 

Activity  in  petroleum  exploration,  like  most  endeavors,  is 
driven  by  the  producer's  anticipation  that  he  might  improve  his 
position.   The  major  considerations  in  exploration  decision- 
making are  current  petroleum  prices,  extrapolation  of  past  econom- 
ic experience,  and  the  current  laws  and  regulations  concerning 
petroleum  finding  and  extractive  processes.   If  prior  experience 
seems  to  justify  continuation  of  exploration,  the  limiting 
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constraint  then  becomes  the  availability  of  risk  capital  which 
Ls  normally  generated  internally  since  petroleum  exploration 
/entures  cannot  be  financed  through  commercial  lending  institu- 
tions. 

In  this  study  we  have  isolated  historic  yearly  expenditures 
for  petroleum  exploration  and  development  and  the  ultimate  petro- 
leum reserves  added  through  drilling  during  the  same  year.   These 
reserves  were  projected  over  their  expected  lives  so  that  the 
future  annual  gross  revenue  from  the  sale  of  crude  oil  and  its 
issociated  gas  could  be  calculated.   All  costs  associated  with 
:he  oil  production  were  deducted  to  calculate  net  cash  flow  to 
:he  producer  after  federal  income  taxes. 

Laws  concerning  depletion  allowance  and  investment  tax 
;redit  in  effect  during  the  year  of  discovery  were  used  in  calcu- 
lating the  net  cash  flow  since  these  factors  were  the  ones  in- 
fluencing exploratory  activity  in  that  year.   Maximum  advantage 
)f  intangible  drilling  deductions  and  depletion  was  taken,  which 
implicitly  assumes  that  the  producer  had  other  income  against 
/hich  to  deduct  a  large  portion  of  intangible  drilling  costs. 

Economic  costs  of  new  oil  were  calculated  by  the  discounted 
:ash  flow  rate  of  return  method  wherein  oil  prices  were  adjusted 
intil  the  producer's  discounted  rate  of  return  after  federal  in- 
come taxes  was  15  percent,  the  minimum  required,  in  our  opinion, 
:o  maintain  exploration  levels.  The  discounted  cash  flow  method 
'^as  used  in  this  study  because  it  is  a  universally  accepted 
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decision-making  investment  criterion  in  petroleum  exploration 
and  production  ventures.   Individual  economic  projections  for 
the  years  1959  through  1974  may  be  found  on  Tables  11  through 
26.   The  bottom  line  of  these  projections  is  summarized  on 
Table  1,  which  also  includes  as  footnotes  the  derivation  of  the 
columns  appearing  on  the  economic  projections.   The  exact  cal- 
culati-^n  procedure  and  derivation  of  economic  parameters  may  be 
followed  by  examining  Tables  2  through  10. 

No  claim  is  made  that  the  calculation  is  precise.   One  might 
correctly  argue,  for  example,  that  the  geological  expenditures 
predate  drilling  by  several  years  or  that  royalty  expenses  are 
substantially  greater  than  the  one-eighth  used  in  the  calculation 
or  that  oil  wells  cost  more  to  operate  than  gas  wells.   These  re- 
finements were  not  made  because  basic  data  are  not  available  to 
permit  more  detailed  differentiation  of  the  costs.   Further,  it 
is  better,  in  our  judgment,  to  handle  the  statistical  data  on  a 
consistent  basis  rather  than  to  introduce  arbitrary  assumptions 
which  would  add  little  to  the  accuracy  of  the  calculations  and 
would  not  materially  change  the  results.   A  conscious  effort  has 
been  made  to  perform  the  calculations  in  such  a  manner  that  the 
resulting  economic  costs  of  new  oil  are  not  overstated.   In  gen- 
eral, introduction  of  more  detailed  data  and  refinements  in  the 
technique  would  result  in  slightly  higher  oil  prices;  however, 
the  methods  used  provide  a  consistent  basis  for  making  meaningful 
year-to-year  comparisons. 
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Historical  reserve  additions  in  the  United  States  are  shown 
n  Table  2.   Total  reserves  added  by  drilling  include  extensions 
f  old  oil  fields,  discovery  of  new  fields,  and  new  reservoirs 
iscovered  in  old  fields.   A  second  category  of  reserve  additions 
ncludes  revisions  to  existing  reserves  which  are  the  algebraic 
uinination  of  the  positive  and  negative  adjustments  to  reserves  in 
11  of  the  fields  in  the  United  States.   The  oil  reserve  revi- 
ions  show  a  long  positive  historic  trend,  primarily  because 
ecovery  factors  have  been  increased  as  a  result  of  secondary  re- 
overy  projects.   Revisions  listed  in  1974,  for  example,  may  come 
bout  in  part  because  a  West  Texas  field  found  in  the  1960 's  was 
laced  on  waterflood  in  1973. 

Historically,  each  barrel  of  new  reserve  added  through 
rilling  will  accrue  an  additional  three-fourths  barrel  of  oil 
hrough  the  revision  process  and  the  ultimate  reserve  added 
lUSt  be  credited  to  the  year's  exploratory  efforts. 

Table  3  is  a  compilation  of  historical  expenditures  in  the 
'nited  States  associated  with  exploring,  developing,  and  pro- 
ucing  crude  petroleum  for  the  years  1959  through  1973.   Dril- 
ing  statistics  for  the  same  period  plus  1974  are  on  Table  4 , 
,nd  Table  5  depicts  the  calculation  of  operating  expenses  allo- 
ated  to  oil  wells,  compiled  from  data  presented  on  Tables  3 
nd  4.   Implicit  in  the  calculation  of  operating  expenses  is  the 
.ssumption  that  operating  costs  for  oil  wells  are  the  same  as 
as  wells.   This  assumption,  which  is  required  because  oil  and 
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gas  well  operating  costs  are  not  accounted  for  separately,  tends 
to  produce  economic  oil  costs  which  are  conservative,  i.e.,  low, 
since  operating  costs  for  oil  wells  generally  exceed  those  for 
gas  wells. 

Table  6  shows  the  combined  capital  cost  for  oil  and  gas 
wells  as  compiled  from  data  on  Table  3.   Capital  investments  al- 
located to  oil  operations  based  on  data  appearing  in  previous 
tables  are  on  Table  7.   Also  shown  on  Table  7  is  the  adjustment 
in  capital  expenditures  in  the  Prudhoe  Bay  field  so  that  the 
calculated  capital  costs  apply  to  the  United  States,  excluding 
Prudhoe  Bay. 

Cost  components  related  to  well  drilling  and  completion 
costs  are  on  Table  8,  together  with  the  cost  index  for  the  years 
1968  through  1974.   The  basic  cost  data  used  for  the  years  1959 
through  1973  have  not  yet  been  compiled  for  1974;  thus,  it  was 
necessary  to  use  the  supplemental  material  from  Table  8  to  esti- 
mate capital  expenditures  for  1974.   Table  9  shows  a  comparison 
between  drilling  costs  appearing  on  Table  4  and  those  computed 
from  a  completely  different  source  listed  on  Table  8.   The  cor- 
relation between  the  two  sources  was  judged  satisfactory  for  use 
in  estimating  the  drilling  cost  component  of  1974  capital  expen- 
ditures.  Calculation  procedures  for  estimating  the  total  1974 
capital  expenditures  related  to  oil  are  shown  on  Table  10. 

The  detailed  calculation  of  discounted  cash  flow  rate  of 
return  and  economic  oil  price  for  individual  years  from  1959 
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through  1974  is  shown  on  Tables  11  through  25,   The  results  of 
these  calculations  are  summarized  on  Table  1  and  footnotes  ap- 
pearing on  Table  1  apply  to  Tables  11  through  26  as  well. 
Analysis  of  Results 

The  results  of  the  calculations  summarized  on  Table  1  are 
shown  graphically  on  Figure  1,  which  depicts  the  economic  cost 
of  new  oil  and  the  price  actually  received  for  new  oil  during  the 
same  year.   The  East  Texas  field  was  chosen  as  a  reference  for 
new  oil  selling  price  because  of  its  large  size  and  long  history 
of  consistently  tabulated  oil  prices. 

Figure  2  shows  the  cost  of  the  average  well  drilled  during 
the  period  from  1959  through  1974,  and  Figure  3  shows  the  average 
monthly  operating  cost  per  well  during  the  same  interval,  with 
1974  being  estimated  by  extrapolation  of  the  curve.   The  trend 
in  the  amount  of  oil  discovered  per  exploratory  well  is  shown  on 
Figure  4.   Data  presented  on  this  figure  are  exclusive  of  allo- 
cated reserve  revisions. 

Figure  5  shows  the  number  of  drilling  rigs  sold  at  auction 
in  the  United  States.   The  significance  of  these  data  is  that 
auctions  of  drilling  rigs  are  usually  distress  sales  and  most  of 
the  rigs  sold  in  this  manner  are  junked  or  dismantled  and  used 
for  spare  parts.   The  first  drilling  rig  auction  took  place  in 
1960  and  by  the  end  of  1973  over  60  percent  of  the  nation's 
drilling  equipment  had  been  permanently  removed  from  drilling 
service.   The  reason  for  loss  of  the  drilling  rigs  may  be  seen 
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in  Figure  6,  which  depicts  the  total  drilling  activity  in  the 
United  States.   After  four  years  of  declining  activity,  an  in- 
creasing number  of  drilling  contractors  were  forced  to  sell  their 
equipment  and  cease  or  reduce  their  operations. 

Figure  7  is  another  activity  indicator  which  shows  total 
oil  wells  drilled.   Figure  8  indicates  the  total  exploratory  well 
drilled  in  the  United  States,  and  Figure  9  shows  the  total  footag 
drilled. 

All  of  the  activity  indicators  shown  on  Figures  6  through  9 
have  one  thing  in  common:   iA  the  15  years  prior  to  1974,  the 
level  of  petroleum  exploration  had  shown  a  continual  decline. 
The  reason  for  the  reduction  in  activity  is  apparent  from 
Figure  1,  which  shows  that  during  the  early  1960 's  the  economic 
cost  of  new  oil  began  to  exceed  the  price  for  which  it  could  be 
sold  in  the  United  States.   By  1971,  the  economic  cost  of  new 
oil  was  about  $8.00  a  barrel,  or  more  than  twice  the  selling 
price.   A  predictable  consequence  of  the  decline  of  petroleum 
activity  was  the  sale  of  many  substantial  producers  to  larger 
or  international  firms  and  the  beginning  of  the  liquidation  of 
the  country's  oil  reserves. 

By  1974,  economic  cost  of  new  oil  had  increased  to  over 
$12.00,  based  on  estimated  1974  capital  expenditures  and  opera- 
ting costs. 

The  first  major  reversal  in  the  15-year  trend  of  declining 
exploration  activity  occurred  as  a  result  of  increased  worldwide 
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iroleum  prices   in   late   1973,    when   the   United   States   selling 
ice  of   new  oil   reached    $10.00   per   barrel. 
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TABLE  2 

OIL  RESERVE  ADDITIONS  THROUGH  DRILLING 

PLUS  ALLOCATED  HISTORICAL  REVISIONS 

UNITED  STATES  (a) 

(Millions  Of  Barrels) 


Reserves 
at  End 

Revisions 
to  Existing 

Reserves 

Added  by  Drilling  During  Year 

Allocated 
Ultimate 

Ultimate 

New 

New 

Reserve 

Year 

of  Year 

Reserves 

Extensions 
1,159 

Fields 
(b) 

Reservoirs 
244 

Totals 
1,403 

Revisions 

Added 

1946 

20,874 

1,255 

1947 

21,488 

749 

1,270 

(b) 

445 

1,715 

1948 

23,280 

1,959 

1,440 

269 

127 

1,836 

1949 

24,649 

604 

1,694 

544 

346 

2,534 

1950 

25,268 

663 

1,334 

408 

157 

1,899 

1951 

27,468 

1,776 

2,249 

206 

183 

2,638 

1952 

27,961 

744 

1,509 

280 

216 

2,006 

1953 

28,945 

1,265 

1,440 

344 

248 

2,031 

1954 

29,561 

538 

1,749 

308 

278 

2,335 

1955 

30,012 

696 

1,698 

220 

257 

2,175 

1956 

30,435 

805 

1,702 

235 

232 

2,170 

1957 

30,300 

465 

1^543 

207 

209 

1,959 

1958 

30,536 

955 

1,339 

151 

164 

1,654 

1959 

31,719 

1,519 

1,779 

166 

204 

2,148 

1,611 

3,759 

1960 

31,613 

788 

1,324 

141 

113 

1,577 

1,183 

2,760 

1961 

31,759 

1,087 

1,209 

107 

254 

1,570 

1,178 

2,748 

1962 

31,389 

759 

1,041 

92 

288 

1,422 

1,067 

2,489 

1963 

30,970 

966 

858 

97 

253 

1,208 

906 

2,114 

1964 

30,991 

899 

1,419 

127 

220 

1,765 

1,324 

3,089 

1965 

31,352 

1,783 

793 

237 

235 

1,265 

949 

2,214 

1966 

31,452 

1,839 

814 

160 

150 

1,125 

844 

1,969 

1967 

31,377 

1,901 

716 

125 

220 

1,061 

796 

1,857 

1968 

30,707 

1,320 

111 

166 

191 

1,135 

851 

1,986 

1969 

29,632 

1,258 

615 

96 

151 

862 

647 

1,509 

1970 

29,401 (a) 

2,089 

631 

253(a) 

116 

1,000 

750 

1,750 

1971 

28, 463(a) 

1,600 

561 

91 

65 

717 

538 

1,255 

1972 

26, 739(a) 

820 

459 

123 

155 

738 

554 

1,292 

1973 

25, 700(a) 

1,552 

390 

116 

88 

594 

446 

1,040 

1974 

24, 650(a) 

1,311 

369 

226 

88 

683 

512 

1,195 

Source:   API.   See  Append i 


of  computer  rounding . 
ture  may  be  found  in  Appendix  A. 


EXPLANATORY  NOTES: 
Column 


(1)  Proved  oil  reserves  at  end  of  year. 

(2)  Revisions  to  reserves  included  in  Column  (1) . 

(3)  Extensions  of  old  fields  by  drilling. 

(4)  New  field  discoveries. 

(5)  New  reservoirs  discovered  in  old  fields. 

(6)  Column  (3)  +  Column  (4)  +  Column  (5). 

(7)  (Total  of  Column  (2)  /  Total  of  Column  (6)  ) 

(8)  Reserves  added  during  year.  Column  (6)  +  Colu 


ilue  of  Column  (6) . 
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CALCULATION  PROCEDURE 

TOTAL  UNITED  STATES 

1974  INVESTMENT  COST  DATA 


(10) 
(11) 


(12) 
(13) 


1974  drilling  cost  per  well 

Total  wells  drilled  in  1974 

Total  1974  drilling  costs 

Fraction  of  total  drilling  cost  applicable  to 

oil  wells,  1974 
1974  drilling  cost  applicable  to  oil 
1973  capital  costs  related  to  oil  less  lease 

acquisition  costs 
1973  drilling  costs  applicable  to  oil 

1973  other  capital  costs 

Estimated  increase  to  1974  for  otlier  capital 
costs 

1974  other  capital  costs 

1974  total  capital  costs  related  to  oil  less 

lease  acquisitions 
1974  lease  acquisitions 
1974  total  capital  costs  related  to  oil 


Units 

Extension 

$ 

Wells 
Million  S 
Fraction 

155,300 

31,698 

4,923 

.526 

Million 
Million 

$ 
$ 

2,589 
2,467 

Million 
Million 
Percent 

S 
$ 

1,525 
942 
15 

Million 
Million 

$ 
$ 

1,083 
3,672 

Million 
Million 

S 

906 
4,578 

EXPLANATORY  NOTES: 


See  Table  9. 

From  Table  4,  Line  (1). 

Line  (1)  X  Line  (2)  . 

Estimated  from  past  trends  and  numbers  of  oil  and  gas  wells  drilled  during  1974. 

Line  (3)  x  Line  (4)  . 

(Line  (13),  Table  6  -  Line  (6),  Table 

(5,557  -  642)  x  0.502  =  2,467. 

Line  (4),  Table  6  x  Line  (2),  Table  7. 

3,037  X  0.502  =  1,525. 

Line  (6)  -  Line  (7)  . 

Estimated  from  Bureau  of  Labor  Statistics: 


Line  (2) ,  Table  7. 


Wholesale  Price  Index 
All  commodities 
Machinery  s  equipment 

Employment  S  Earnings 

Crude  petroleum  S  natural  gas 
Oil  &  gas  extraction   (a) 


191.82 
181.47 


160.1 
139.4 


223.86 
214.97 


Percent 
Increase 


(10)  Line  (8)  +  (Line  (9)  /  100)  x  Lint 

(11)  Line  (5)  +  Line  (10)  . 

(12)  From  Table  3,  Line  (2)  (Yr.  1972) 

(13)  Line  (11)  +  Line  (12). 


Line  (4) ,  above. 
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COST  or  NEW  OIL 

RESERVES  ADDED  III  1959 

TOTM,  UNITED 

STATES 

11) 

.2. 

GROSS 

.1, 

15) 
ADVALOREM 

.6. 

(7) 

ADJUSTED 

(8) 
TOTAL 

SBOSS  OIL 

6H0SS  GAS 

OIL  a  GAS 

rotaltt 

1  STATE 

OPERATING 

GROSS 

INVESTED 

TIME 

PRODUCTION 

PRODUCTION 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

THOUSANDS 

MILLIONS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

TtARS 

OF  BBLS 

OF  CU-FT 

OF   J 

OF  i 

OF  % 

OF   t 

19S9 

126886 

159819 

399758 

19970 

23156 

36756 

289876 

3166000 

1960 

257772 

319637 

799515 

99939 

16312 

73512 

579752 

1961 

257772 

319637 

799516 

99910 

16312 

73512 

579752 

1962 

257772 

319637 

799515 

99939 

16312 

73512 

579752 

0 

1963 

257772 

319638 

799516 

99939 

16312 

73512 

579753 

igbt 

257772 

319637 

799515 

99910 

16312 

73512 

579752 

111000 

1965 

257772 

319637 

799516 

99939 

16312 

73512 

579752 

0 

1966 

254091 

315073 

780097 

98512 

15650 

73512 

570122 

1967 

229558 

281652 

7120U6 

89001 

11213 

73512 

508252 

0 

1968 

2014318 

253351 

633720 

79215 

36708 

73512 

111285 

1969 

181852 

225197 

561010 

70505 

32672 

73512 

387351 

1970 

161857 

200703 

502021 

62753 

29080 

73512 

336677 

0 

1971 

m*060 

178631 

116822 

55853 

25882 

73512 

291575 

1972 

128220 

158993 

397692 

19711 

23035 

73512 

251133 

0 

1973 

111122 

111511 

353965 

11216 

20501 

73512 

215703 

197>. 

101571 

125951 

315011 

39381 

18219 

183903 

1975 

90105 

112103 

280105 

35050 

16212 

73512 

155599 

0 

1976 

80lo5 

99776 

219572 

31197 

11157 

73512 

130108 

0 

1977 

71617 

88806 

222132 

27766 

12867 

73512 

107986 

1976 

63713 

79011 

197707 

21713 

11152 

73512 

88029 

0 

sue- TOTAL 

3501100 

1311736 

10860075 

1357510 

629070 

1133181 

7110012 

3630000 

REMAlNlNb 

5.9^  TRS 

257600 

319121 

798983 

99873 

16281 

136191 

216336 

0 

TOTAL 

3759000 

1661160 

11659058 

1157383 

675351 

1869978 

7656318 

3630000 

INTANGIBLE 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

DRILLING 

DEPLETION 

DEPRE- 

TAXABLE 

MENT 

TAX 

INCOME 

TAX  NET 

NET  CASH 

FLO» 

IIML 

COSTS 

ALLOKANCE 

CIATION 

INCOME 

CREDITS 

TAXES 

INCOME 

FLC« 

DISC.  15» 

THOUSANDS 

Thousands 

THOUSANDS 

Thousands 

THOUSAND? 

THOUSANDS 

THOUSANDS 

Thousands 

THOUSANDS 

TtARS 

OF   4 
2015928 

OF  i 
11812 

OF   S 
25307 

OF   i 
-1766170 

OF 

» 

OF   s 
-863061 

OF   S 
1172961 

OF   t 

-2013038 

OF  % 

1959 

0 

-1877167 

196U 

179618 

50613 

319191 

171711 

105007 

105006 

328108 

I96i 

0 

179617 

50613 

319191 

0 

171716 

105006 

105006 

285573 

1962 

179618 

50613 

171716 

105007 

105007 

218321 

1963 

0 

179618 

50613 

319191 

0 

171716 

105006 

105006 

215935 

1961 

325008 

96161 

62111 

96165 

18082 

531670 

87670 

10615 

1965 

0 

179616 

62115 

337690 

0 

168615 

110907 

110907 

165656 

I960 

1.7.7082 

*15?3 

33lai7 

165909 

101511 

1C«511 

imaoo 

1967 

159985 

55583 

29i681 

116311 

361910 

361910 

110321 

1966 

0 

112391 

19172 

252119 

0 

126210 

318075 

318075 

81311 

1969 

126737 

11032 

216581 

106291 

279050 

279060 

61321 

197U 

0 

112802 

39191 

181685 

0 

92312 

211335 

211335 

18973 

1971 

100399 

31681 

156291 

78117 

213126 

213128 

37199 

197^ 

0 

89360 

31016 

131027 

65511 

185919 

165919 

28177 

1973 

79531 

27633 

108537 

0 

51268 

161135 

161135 

21276 

1971 

21591 

68520 

11260 

139613 

139613 

16003 

1975 

0 

63005 

21890 

70703 

0 

35352 

120216 

120218 

119B3 

197o 

55162 

19183 

55163 

27731 

102676 

102676 

6897 

1977 

0 

15323 

17311 

15322 

22661 

85325 

85325 

5129 

1976 

0 

36298 

15131 

36298 

0 

18119 

69880 

69880 

1579 

Sue-TOTAL 

2310936 

2268385 

791691 

2036000 

0 

1018000 

6122012 

2792013 

-8310 

REMAINING 

5.91  TKS 

0 

76981 

62373 

76981 

0 

38190 

177815 

17781S 

8310 

TOTAL 

2310936 

2315366 

857061 

2112981 

0 

1056190 

6599857 

2969858 

0 

GROSS  OIL 

Price 

»   2. 

86   /  BBL 

ROTALTT 

INTEREST 

U 

.50  1 

6R0SS  GAS  PRICE 
TOTAL  RESERVE  LIFE 
LEASEHOLD  INVESTMENT  10 


THOUSAND  CU-FT 


I 
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COST  OF  NEW  OIL 
RESERVES  ADDED  IN  196 
TOTAL  UNITED  STATES 


GROSS 

ADVALOREM 

ADJUSTEa 

TOTAL 

GROSS  OIL 

GROSS  OAS 

OIL  «  GAS 

ROYALTY 

a  STATE 

OPERATING 

GROSS 

INVESTED 

I  IKE 

PRODUCTION 

PRODUCTION 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

THOUSANDS 

MILLIONS 

THOUSANtS 

ThOUSAMOS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

TcARS 

OF  bBLS 

OF  CU-FT 

Of   1 

— °-.-!- 

-.--1..!-. 

OF   S   ■' 

°L-L. 

...Z..I.. 

1960 

<)'*b<l- 

117359 

345889 

43236 

20187 

28434 

254032 

2824000 

1961 

18928a 

23t717 

691777 

86472 

40374 

56868 

508063 

1963 

169266 

23U717 

691776 

86473 

40374 

56868 

508064 

196J 

169286 

23M717 

691778 

364-'2 

40374 

56866 

508063 

0 

1964 

189266 

23'.717 

691777 

86472 

40373 

66868 

508064 

1965 

169288 

234717 

86472 

56868 

508064 

326000 

196b 

169286 

234717 

691776 

86472 

40374 

56868 

508063 

0 

1967 

ieoSn7 

231316 

681760 

85220 

39789 

56868 

499883 

196d 

lb629't 

206665 

35896 

5686H 

445406 

0 

1969 

lt95m 

165431 

546516 

68314 

31896 

56866 

389439 

1970 

13^676 

164769 

485620 

60703 

28342 

56868 

339706 

1971 

llt.072 

146409 

431509 

53939 

25184 

56868 

295518 

1972 

10t9l5 

130U94 

383426 

47928 

56868 

0 

197J 

93225 

115599 

340702 

42566 

19884 

56868 

221362 

197". 

62837 

102718 

302738 

37842 

17669 

56868 

190359 

0 

1975 

73606 

91272 

269005 

33625 

15700 

56868 

162812 

1976 

65'»05 

61102 

239029 

56866 

138332 

0 

1977 

5B116 

72064 

212396 

56868 

197B 

516m 

64035 

186726 

23591 

11015 

56368 

97256 

<.S867 

5o900 

167699 

20962 

9787 

56868 

0 

SUB-TOTAL 

2561336 

3176057 

9360735 

1170092 

546316 

1108926 

6535402 

3150000 

HtMAlMlNG 

19666'. 

246343 

726044 

90755 

42374 

376856 

216059 

0 

TOTAL 

27faOOUO 

3422400 

10086779 

1260847 

586690 

1485761 

6751461 

3150000 

INTANGIbLE 

DRILLING 

DEPLETION 

DEPRE- 

TAXABLE 

1 1  ME 

COSTS 

ALLOWANCE 

CIATION 

INCOME 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

YlARS 

OF   $ 

1960 

1799546 

13785 

21345 

-1580643 

15535b 

42669 

310017 

1962 

155356 

42690 

1963 

155357 

1964 

0 

42690 

310017 

1965 

242216 

107422 

51000 

107423 

1966 

155367 

301707 

1967 

0 

153106 

502b2 

29651S 

1966 

138125 

261937 

1969 

122735 

40291 

226413 

197U 

109056 

35802 

194846 

1971 

96906 

31812 

166799 

1972 

86106 

28268 

1973 

0 

76514 

25117 

119731 

1974 

22319 

100053 

1975 

60412 

19832 

82567 

1976 

536B0 

17623 

67031 

1977 

0 

47699 

53224 

1976 
1979 

s 

33859 

13914 
12363 

41671 
33859 

SUB-TOTAL 

2041764 

1965846 

652709 

1855080 

REMAINING 

6.63  YRS 

0 

81267 

53527 

81266 

TOTAL 

2041764 

2067116 

706236 

1936346 

INVEST- 
MENT TAX 

CREDITS 
THOUSANDS 


GROSS  OIL  Price 

GROSS  GAS  PRICE 
TOTAL  RESERVE  LIFE 

LEASEHOLD  Investment  looo) 


FEDERAL 

AFTER 

NET  CASH 

INCOME 

NET  CASH 

FLOW 

TAXES 

INCOME 

DISC.  15». 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

OF   $ 

OF   J 

OF   S 

-790321 

1044354 

-1779645 

-1659528 

155008 

353054 

353053 

286282 

155009 

353055 

353055 

248942 

353055 

353056 

216471 

155009 

353054 

188236 

53711 

454353 

128353 

59507 

150853 

357210 

357210 

144008 

148258 

351625 

351625 

123267 

95852 

113207 

2762  32 

276232 

''"47 

97424 

242284 

242284 

83399 

212119 

212119 

42516 

70939 

185314 

185314 

32296 

59865 

161496 

161496 

24477 

60026 

140333 

41284 

121527 

121527 

13927 

33515 

104818 

104818 

10445 

89970 

89970 

7797 

20835 

76419 

76419 

5758 

16929 

63152 

63152 

4138 

927541 

5607862 

2457862 

-8044 

40633 

175426 

175426 

8044 

968174 

5783288 

2633288 

" 

ROYALTY 

INTEREST 

12 

.50  » 

FEDERAL 

INCOME  TAX  R 

TE          50 

.00  X 

ADVALOREM  AND  STATE 

AX  RATE      6 

.67  % 

lOORE    &     SCHAFER 
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COST  OF  NEW  OIL 
RESERVES  ADDED  IN  1961 
TOTAL  UNITED  STATES 


GKOSS 

AOVALOHEM 

ADJUSTED 

TOTAL 

6R0bb  OIL 

6R0SS  GAS 

OIL  i    SAS 

ROYALTY 

»   STATE 

OPERATINS 

GROSS 

INVESTED 

Tlxt 

PKODUCTION 

PRODUCTIUN 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

TMObSANUS 

MILLIONS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

Thousands 

rcARb 

OF  BbLS 

OF  CU-FT 

OF   $ 

OF   » 

Of  i 

OF   t 

OF  % 

OF  % 

19ol 

944iO 

116ai.b 

310821 

12603 

19265 

29232 

219722 

2795000 

I9bi 

Ittu'teO 

232691 

681613 

85205 

38530 

56161 

199113 

19o3 

laoKbo 

233690 

681612 

85205 

38530 

58161 

199113 

196» 

latMoo 

233690 

681613 

e520b 

36529 

58161 

199111 

0 

lOO'.bU 

233691 

681D12 

85205 

36530 

58161 

199113 

l<)6b 

233690 

601613 

85205 

3853C 

58161 

199113 

325000 

1967 

233691 

681612 

85206 

3b53U 

58161 

199111 

t9«><. 

18b7«5 

230323 

6718^1 

83977 

58161 

191105 

0 

1969 

167657 

207695 

606103 

75800 

31277 

=:8161 

137861 

197U 

IBUati 

539157 

67395 

30175 

58161 

382823 

lii536 

16^3'.'• 

179369 

59921 

27097 

56161 

3338X7 

0 

l97i 

117airi 

116120 

126211 

53277 

21091 

58161 

290379 

0 

197i 

10t771 

129916 

37t;917 

1736B 

58161 

251695 

197.. 

9JIJ,3 

11551,9 

33o925 

1211b 

19015 

56161 

217301 

0 

197b 

S^b£3 

102701 

299563 

37115 

16933 

58161 

186723 

l97o 

7joio 

91311 

2oo3l3 

33293 

15055 

58161 

159531 

0 

1977 

6S'.7i 

61166 

23b6Ud 

29601 

13385 

56161 

135358 

1970 

So^U 

72163 

21uSi6 

26316 

11902 

58161 

113861 

0 

1979 

51757 

6".  179 

167200 

23100 

1U581 

58161 

91755 

0 

1980 

«b>Jl7 

57061 

166111 

20805 

9108 

56161 

77763 

S,jD-r0T«L 

i:35i67fc 

3166556 

9236111 

U51551 

522088 

1110018 

6119721 

3120000 

HLMAININO 

igtoa". 

2'»o96i 

702852 

87857 

39729 

372059 

203208 

0 

lulAu 

27Ho0l,0 

3107520 

9939263 

1212106 

561817 

1512107 

6622932 

3120000 

IWTA. 

GIDLE 

Ii<Vc 

ST- 

FEDERAL 

AFTER 

NET  CASH 

URIL 

tlUG 

DEPLETION 

DEPRt- 

TAXABLE 

INCOME 

TAX  NET 

NET  CASH 

FLO. 

lift 

ALLOhaNCE 

CI..TIOt. 

INCOr'E 

crll 

ITS 

INCOME 

FLO* 

DISC.  15» 

THOi. 

StNUS 

Thousands 

THOJSANDS 

TnOUSAf.OS 

THOOSAJOS 

ThOUSANL.S 

TMOUsarios 

THnuSANC'S 

ThOUSA'.OS 

Ittlt. 

OF   » 

OF   » 

-!-. 

OF   i 

OF   $ 

Z.-l— 

OF   1. 

ISbi 

IhOoooC 

12722 

2119b 

-1590075 

-795037 

1011759 

-1750210 

-1632107 

19b,: 

1S3121 

1^391 

303627 

151813 

317630 

317629 

281883 

l9bj 

J 

153125 

15391 

303628 

151811 

317630 

317630 

21511b 

19oi 

153121 

1,:391 

3036^7 

151311 

317629 

317629 

213115 

19oj 

0 

3U36?'i 

151811 

317630 

317630 

185313 

iScb 

21< 

125 

11,3353 

50612 

103353 

Slo76 

117766 

122766 

56917 

19o7 

15j125 

5.,612 

295107 

117701 

351710 

351710 

111803 

1966 

u 

l5J,:li 

196J2 

29Q309 

115151 

316251 

315251 

U1383 

19i,9 

1361£9 

256310 

126173 

309688 

309686 

91101 

1970 

u 

121351 

10032 

221137 

110719 

272101 

272101 

72129 

107697 

35593 

19039n 

95198 

238689 

23i6fl9 

55017 

l97t 

0 

162SU1 

208978 

208978 

11887 

1973 

CS291 

2tl37 

138261 

69132 

182563 

132563 

31819 

75635 

25016 

58225 

159076 

159076 

21110 

197:, 

0 

b7l26 

22213 

97052 

18526 

138191 

138191 

18212 

1976 

59919 

1577b 

79607 

119628 

1)9628 

13710 

197/ 

0 

533UI 

175=3 

61171 

32237 

103121 

103121 

10276 

197o 

17390 

50811 

88111 

88111 

7661 

19  7s. 

13699 

10127 

20211 

71511 

71511 

5616 

IVbu 

u 

3,;7u3 

i23Da 

32703 

16351 

61112 

61112 

-lOTAL 

2016005 

1956106 

616806 

1761503 

682251 

5537173 

2117173 

-7619 

ia    Th'b 

0 

75511 

5.107 

75510 

37756 

165152 

165152 

7619 

loTAL 

■201O 

0U5 

2033919 

700995 

1B10013 

920007 

5702925 

2582925 

0 

V.K05S  GAS  PkiCE 

»    .22 

i-EASEMOLl;  INVESTMENT  (00 

D>    »  37100 

Thousand  cu-ft 


R0Y«LTr  INTEREST 
FEDERAL  INCOME  TAX  RATE 
AOVALOREM  AND  STATE  TAX  RATE 
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COST  OF  NEW  OIL 
RESERVES  ADDED  IN  196 
TOTAL  UNITED  STATES 


GROSS 

ADVALOHEM 

ADJUSTED 

TOTAL 

bROSS  OIL 

GROSS  liAS 

OIL  a  GAS 

ROrALTT 

»    STATE 

OPERATING 

GROSS 

INVESTED 

IIME 

PRODUCTION 

PRODUCTION 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

THOUSANDS 

MILLIONS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

tLARS 

OF  BBLS 

OF  CU-FT 

OF   S 

OF   I 

OF   S 

OF   J 

196^ 

eS306 

105782 

35oai7 

11856 

20095 

31221 

262672 

3018000 

i9bj 

170616 

21156t 

7l7o93 

10191 

525313 

21156I* 

717691 

525313 

196S 

170616 

211563 

717693 

89712 

10191 

62118 

525313 

0 

1966 

17Q016 

21156« 

717691 

89712 

10191 

62118 

525313 

1967 

17U616 

21156U 

717693 

89711 

10191 

62118 

525313 

291000 

I96d 

170616 

717691 

89712 

10190 

62118 

525313 

0 

1969 

20852'i 

707360 

39611 

1970 

151631 

188270 

638071 

79835 

35765 

62118 

160626 

1971 

13b037 

1671.1b 

568029 

71003 

3181U 

62118 

102768 

1972 

12UIO0 

631b0 

351310 

0 

1973 

10O6lb 

132152 

119316 

56165 

62118 

1971. 

9SUUI 

117801 

399619 

19952 

22379 

62118 

261810 

0 

197!. 

8tt93 

101770 

355116 

19903 

228638 

316101 

39512 

17702 

196110 

1977 

60d35 

82875 

281138 

35113 

15711 

62118 

167805 

1976 

59^2 

250012 

31255 

11002 

62118 

112336 

1979 

bia67 

655bb 

222381 

27798 

12153 

62118 

119685 

190U 

«7U19 

58301 

197767 

21723 

11077 

62118 

99539 

1961 

»iai9 

blSbb 

175908 

21989 

62118 

0 

SU.-TOTAU 

2313b73 

2866830 

9732007 

1216500 

511992 

1217736 

6752777 

3312000 

RcMAlMNto 
b.i9  ThS 

17b»i7 

217530 

737933 

92212 

11325 

392921 

211113 

0 

TOTAL 

2tB9000 

3086360 

10169910 

1308712 

586317 

1610660 

6961220 

3312000 

INTAiJfalBLE 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

Oh  III  I NG 

DEPLETION 

DEPRE- 

TAXABLE 

MENT  TAX 

INCOME 

TAX  NET 

NET  CASH 

FLO* 

COSTS 

ALLOWANCE 

INCOME 

CREDITS 

TAXES 

DISC.  151 

THOUSANDS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

Thousands 

TtAPS 

OF   1 

—  °L-!-. 

OF   t 

OF   $ 

OF  i 

OF   I 

OF   $ 

Z.-1.. 

OF   s 

19o2 

1917321 

11395 

23329 

-1692376 

25 

-816213 

1108885 

-1909111 

-1760258 

196J 

161613 

16659 

317010 

17622 

111115 

336061 

1961 

161612 

16659 

317012 

158521 

366622 

366822 

258650 

l9oD 

0 

16669 

317011 

0 

156520 

366822 

366822 

221912 

lOoo 

16659 

317012 

156521 

366822 

366822 

195576 

1967 

1^:7039 

51295 

127036 

5392 

58127 

167216 

173216 

161612 

51291 

3>-9106 

151703 

370610 

370610 

119123 

1969 

lb9J20 

5^511 

301063 

152032 

36-1865 

361865 

127908 

113815 

16317 

268161 

131232 

326391 

99197 

1971 

12793b 

12972 

231862 

115931 

286837 

76031 

197^ 

0 

113763 

30219 

199307 

0 

99653 

251657 

251657 

58007 

33991 

170355 

85178 

220366 

220366 

11169 

1971 

90001 

30232 

111601 

72302 

192538 

192538 

33558 

197b 

80019 

20867 

121702 

167787 

167787 

25129 

1976 

0 

101332 

50666 

115771 

115771 

19212 

63319 

21269 

83217 

I, 

11608 

126197 

126197 

1976 

16915 

67105 

33553 

106781 

108781 

10810 

1979 

0 

500B7 

52771 

0 

26387 

93297 

93297 

8085 

12266 

11963 

12268 

21111 

5907 

1981 

" 

31156 

13308 

31157 

0 

17078 

61513 

61513 

1229 

-TOTAL 

2131296 

2083110 

701879 

1833163 

53010 

863692 

5889085 

2577086 

-7993 

GAINING 
29  YRS 

0 

77809 

55825 

77809 

0 

38905 

172538 

17^538 

7993 

TOTAL 

2131296 

2160919 

757701 

19U272 

53010 

902597 

6061623 

2719621 

0 

GROSS 

Price 

1   3 

92   /  BdL 

ROYALTY 

INTEREST 

12 

50  % 

GROSS 

GAS 

PRICE 

233  /  THOUSAND  CU-FT 

FEDERAL 

INCOME  TAX  R 

TE          50 

TOTAL 

RESE.<VE  LIFE 

AOVALORE 

M  AND  STATE 

AX  RATE      6 

10  X 

LEASEHOLD 

INVESTMENT 

000)    »  120000. 
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TIME 
TtARS 


1967 
1968 
1969 
197U 
1971 
1972 
197i 
197^ 
1975 
197o 
1977 
197B 
1979 


COST  OF 

NEW  OIL 

RESERVES  ADDED  IN  1963 

TOTAL  UNITED  STATES 

.u 

(2. 

GHOSS 

,1. 

I5> 
AOVALOREW 

' 

ADJUSTED 

TOTAL 

6R0SS  OIL 

GROSS  GAS 

OIL  a  GAS 

ROYALTY 

>  STATE 

OPERATING 

GROSS 

INVESTED 

PRODUCTION 

SALtS 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

TMOUSANLS 

MILLIONS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

OF  BBLS 

OF  CU-FT 

OF   S 

OF  % 

CF   i 

OF 

.-!„ 

OF   » 

OF  % 

7i»86 

89883 

330196 

11312 

le276 

390 

210517 

2815000 

1«'.972 

179765 

660992 

82621 

36553 

780 

181035 

0 

1«»972 

179765 

660991 

82621 

365S3 

780 

181035 

l<.t972 

179765 

660992 

82t>2l 

3o553 

780 

1B103? 

n 

1i«m972 

179766 

660992 

82621 

36553 

7«0 

1810'<5 

m<.972 

179765 

660992 

36553 

780 

181035 

250000 

l"tt972 

179765 

660992 

82621 

365S2 

60 

780 

181035 

1X^901 

177198 

051551 

aim 

36031 

60 

780 

»732<)7 

129101 

160069 

586611 

73580 

32552 

121729 

ll'.908 

112165 

523915 

65189 

26973 

60 

780 

363673 

102272 

12o8ie 

1663l;5 

58288 

25786 

60 

780 

321150 

91027 

112873 

115030 

51879 

22951 

279120 

u 

81017 

369393 

16171 

20128 

60 

■80 

212012 

0 

72106 

89111 

326771 

11097 

16181 

760 

208716 

etiao 

79563 

292623 

36578 

16182 

60 

730 

1790C3 

57122 

70631 

260116 

32556 

11103 

60 

780 

152707 

50811 

63013 

231607 

12819 

60 

780 

129233 

15250 

206317 

25790 

11109 

60 

780 

108338 

1U275 

19911 

183631 

22951 

1C1S5 

60 

780 

89712 

35816 

9036 

73191 

r. 

660317 
9636oo5 


82513 
1201833 


3t)5l7 
5330 1« 


180191  0 

6351816     3095000 


1971 
197^ 
1973 
197h 
19/:, 
197o 
1977 


DRILLING 

UEPLETION 

OEPHL- 

TAXABLK 

HENT 

TAX 

INCOME 

TAX  NET 

NET  CASH 

FLC» 

CuSTb 

ALLUHAMCE 

CIATION 

Income 

CREDITS 

TAXES 

INCOME 

FLO. 

trtOUSANUi 

THOUSANDS 

THOUSANDS 

TrtOUSA'.US 

THOUSANDS 

THOUSAMUS 

ThOJSANuS 

TMCUSANPS 

THOUSAt'DS 

OF   » 

OF   t 

OF  i 

OF 

.-!— 

OF   » 

OF   t 

2!.-!.. 

OF   * 

1660700 

103tj9 

22101 

-1O80977 

25 

-810513 

1081032 

-1763967 

-16i19nR 

1190C0 

11801 

287233 

1570O 

97911 

363123 

3S3122 

310661 

116999 

287235 

113617 

337117 

337117 

2379IS 

I 

116999 

lldMl 

287235 

0 

113617 

337113 

33711S 

2061183 

116999 

116U1 

287235 

113618 

337117 

337117 

179899 

185751 

122056 

5U73 

122056 

u 

497 

56530 

121505 

171505 

60901 

113999 

280362 

110131 

310601 

3lConi 

137313 

110871 

50113 

275982 

137992 

335305 

335305 

U7516 

0 

l32o9u 

15S72 

213168 

121733 

299996 

299656 

91150 

llo099 

10561 

210012 

105006 

263667 

263667 

69A02 

36101 

180235 

90118 

231332 

231332 

53322 

93555 

32132 

153731 

76667 

202SS3 

202553 

10599 

0 

8j267 

26596 

130116 

65073 

176939 

176939 

30639 

71112 

2:^151 

109151 

51575 

151111 

mill 

?336l 

0 

65962 

22651 

90166 

15233 

133850 

133850 

1761C 

0 

56709 

2olo1 

73831 

3e9ia 

115790 

115790 

13270 

52253 

17916 

59033 

29516 

•99716 

99716 

9937 

G 

16183 

13973 

16183 

23091 

85217 

85217 

73R7 

J77o3 

377b2 

18882 

70861 

7)861 

5339 

0 

30^69 

1^653 

30269 

15131 

58056 

56056 

3801 

61667 
1575812 


32311 
737693 


118155 
5617123 


oROSs  OIL  PhlCE 
GROSS  GAS  PRICE 
TOTAL  RESERVE  LIFE 
l-EAStHOLO  INVESTMtN 


.237  /  TMOUSANu  CU-FT 
25.91   YEARS 
303000. 


ROYALTY  INTEREST 
FEDERAL  IhCOME  TAX  P 
ADVALOREM  AND  STATE 
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COST  OF  NEW  OIL 
RESERVES  ADDED  IN  196 
TOTAL  UNITED  STATES 


TIKE 
rtARS 


SUB-TOTAL 
REMAINING 


GROSS 

AOVALOREM 

ADJUSTED 

TOTAL 

liROSS  OIL 

GROSS  GAS 

OIL  8  GAS 

ROTALTlr 

t    STATE 

OPERATING 

GROSS 

INVESTED 

PRODUCTION 

PRODUCTION 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

THOUSANDS 

MILLIONS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

OF  8BLS 

OF  CU-FT 

OF  i 

OF   J 

OF   i 

OF   i 

OF   » 









105930 

131353 

381727 

^7716 

21811 

31626 

280571 

3110000 

211B60 

262707 

763U55 

9iti2 

■.3622 

63252 

561119 

211660 

262706 

763<.5'< 

9S'.32 

1.3622 

63252 

561119 

0 

211860 

262706 

763t55 

95U31 

«3622 

63252 

561119 

211660 

262707 

763^5'. 

951*32 

1.3621 

63252 

561119 

0 

211660 

262706 

763U5U 

95«32 

■.3622 

561118 

365000 

211860 

262707 

763'»55 

95^32 

13622 

63252 

561119 

208795 

258905 

752'»0S 

9>.051 

".2991 

63252 

552111 

186380 

233592 

678e«5 

81855 

36787 

63252 

191951 

0 

167^07 

20758U 

603263 

75*08 

31.169 

130133 

1U8767 

18'm72 

536095 

67012 

30632 

63252 

375200 

13i20'< 

163932 

«76U06 

59551 

27220 

63252 

326383 

ini&H 

1'.5680 

U23363 

52920 

2".  190 

63252 

283001 

0 

lOttOJ 

129U60 

376226 

21197 

63252 

211119 

92779 

U50t7 

33'.337 

1.1792 

19103 

63252 

210190 

82it'l9 

102236 

297112 

37139 

16976 

63252 

179711 

73269 

90851. 

26'»031 

33003 

15086 

63252 

1S2689 

65112 

6073S 

23t63t 

13107 

63252 

128617 

0 

57862 

717«9 

208510 

26063 

11913 

63252 

107280 

0 

51'H9 

63760 

18529't 

23162 

10588 

63252 

88293 

271759 
3630360 


798181 
11131158 


15623 
636023 


115993 
1619107 


237055 
7151596 


INTANGIBLE 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

DRILLING 

DEPLETION 

OEPRE- 

TAXABLE 

MENT  TAX 

INCOME 

TAX  NET 

NET  CASH 

FLOW 

Tint 

COSTS 

ALLOWANCE 

INCOME 

CREDITS 

TAXES 

INCOME 

FLO* 

DISC.  15» 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

I^-l!-. 

OF   t 

...2-.-!-. 

. 

-°-.-!-. 

...°J..-l.. 

..-Z.-1.. 

2L-!.. 

...2-.-!- 

OF   1 

OF   1 

19b1 

1885963 

18895 

23080 

-16.>?362 

25 

-823716 

1101291 

-2005708 

-1670332 

19o5 

171710 

16159 

313278 

17066 

121553 

136595 

136591 

351022 

1966 

171711 

16159 

313260 

171610 

389509 

369509 

271616 

1967 

0 

171710 

16159 

313279 

0 

171639 

389509 

389509 

238823 

1966 

171710 

10159 

313280 

171610 

389509 

389509 

207671 

1969 

118231 

55662 

6720 

52396 

508753 

113753 

66617 

197U 

171710 

333757 

166878 

391271 

391271 

158919 

1971 

169226 

51876 

328012 

388108 

368106 

U6057 

1972 

u 

152661 

19511 

289759 

0 

111879 

317071 

317071 

105800 

1973 

135661 

13999 

250151 

125228 

301907 

301907 

80623 

1971 

0 

120571 

39100 

215526 

107763 

267137 

267137 

61615 

1975 

0 

107150 

31716 

0 

92213 

231139 

231139 

16930 

0 

95219 

30878 

156903 

78152 

201519 

201519 

35651 

1977 

91618 

27139 

132392 

66196 

178251 

178251 

27016 

1978 

75196 

21365 

110608 

0 

55301 

151685 

151885 

20112 

1979 

0 

66821 

21670 

91251 

0 

15625 

131119 

131119 

15370 

I960 

59381 

19257 

71019 

37025 

115665 

11526 

1961 

52772 

17113 

58761 

29380 

99266 

99266 

8602 

1982 

16037 

15207 

16037 

23018 

81262 

81262 

6319 

196J 

0 

37369 

37389 

0 

18695 

69598 

69598 

1560 

SUB-TOTAL 

2151966 

2196128 

710775 

2153350 

53831 

1022811 

5191697 

2719696 

-8833 

REMAINING 

6.50  TRS 

0 

89109 

58237 

89109 

0 

11705 

192350 

192350 

8833 

TOTAL 

2151966 

2287637 

769012 

2212759 

53831 

1067519 

6387017 

2912018 

" 

GROSS  OIL 

PRICE 

J   3 

32 

/  BbL 

ROTALTY 

INTEREST 

jj 

.50  X 

PRICE 

» 

231  /  THOUSAND  CU-FT 

FEDERAL 

INCOME  TAX  RATE           50 

.00  > 

TOTAL  RESERVE  LIFE 

58 

TEARS 

AOVALOREM  AND  STATE  TAX  RATE      6 

.53  % 

LEASEHOLD 

INVESTMENT 

000)    S  551000. 
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COST  OF  NEW  OIL 
RESERVES  ADDED  IN  196S 
TOTAL  UNITED  STATES 


GKOSS 

AOVALOREM 

AOJUSTEO 

TOTAL 

6H0SS  OIL 

GROSS  GAS 

OIL  «  GAS 

RUTALTY 

8  STATE 

OPERATING 

GROSS 

INVESTED 

TIME 

PRODUCTION 

PRODUCTION 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INC OWE 

CAPITAL 

THOUSANDS 

MILLIONS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUbANOS 

THOUSANDS 

THOUSANDS 

rtARS 

OF  bbLS 

OF  CU-FT 

OF   » 

OF   » 

OF   » 

OF   I 

1965 

76888 

91101 

326185 

10811 

18710 

29601 

237331 

2825000 

1966 

lbl776 

188202 

652971 

81621 

37181 

59208 

171061 

1967 

151776 

188203 

652971 

81621 

37180 

59208 

1966 

151776 

168202 

652971 

81622 

37181 

59208 

171661 

0 

1969 

151776 

188202 

652971 

81621 

37160 

59208 

171661 

1970 

151776 

188202 

652971 

81622 

37181 

59208 

171661 

262000 

1971 

15177b 

186203 

652971 

81621 

37180 

59208 

171661 

l97i: 

m9eOb 

185511 

613635 

80151 

36915 

59208 

167027 

0 

197i 

13bm5 

167580 

581121 

72678 

33371 

59208 

116162 

0 

^97^ 

UU268 

119132 

517118 

61677 

29699 

59206 

363831 

197b 

107029 

132716 

160161 

57558 

26131 

59208 

317265 

1976 

95218 

109771 

51221 

23521 

59208 

275822 

0 

1977 

8'.762 

105106 

361665 

15581 

20932 

59208 

238913 

1970 

75«3<: 

93535 

321521 

10565 

18627 

59208 

206122 

0 

1979 

67126 

83239 

288799 

36100 

16577 

59208 

176915 

0 

1981, 

59739 

71077 

257009 

32126 

11753 

59208 

0 

1981 

53163 

65922 

228717 

13128 

59206 

127791 

0 

19oi 

47311 

58665 

203510 

25112 

116B3 

59208 

107206 

19oJ 

12103 

52207 

181131 

22612 

10397 

59208 

8888H 

0 

196-. 

37l„6 

16160 

161195 

20119 

9253 

59208 

72585 

SUB-TOTAL 

2060916 

2555573 

8860603 

1108326 

508913 

1151556 

6091778 

3087000 

RtMAlNlNU 

b.Oj  THb 

153051 

189788 

6SB172 

82309 

37796 

357302 

181065 

0 

TOTAL 

2211000 

2715361 

9525075 

1190635 

516739 

1511858 

6275813 

3087000 

iNTAHblbLE 

INVEST- 

FEDERAL 

AFTER 

MET  CASH 

URILLI.NG 

DEPLETION 

DEPKL- 

TAXABLE 

MENT  TAX 

INCOME 

TAX  NET 

NET  CASH 

FLO. 

TIkL 

COSTS 

ALLOWANCE 

CUTION 

INCOME 

CREDITS 

TAXES 

INCOME 

FLOt, 

DISC.  1S« 

THOUSHNUS 

Thousands 

iHOUbAiCS 

Thousands 

THOUSANDS 

THOUSANLS 

THOUSANLS 

THOUSANDS 

T;iOUSA"DS 

Itt'lt. 

T—l.. 

Z.-l.. 

°1..!.. 

OF   » 

..-!1.-!-. 

OF   » 

OF  % 

OF   t 

2-.-!- 

1965 

190<;ll7 

8813 

22789 

-1696118 

25 

-816218 

1085580 

-1739119 

-1622017 

I960 

116811 

15577 

16515 

91619 

360011 

3P0010 

30fllf; 

1967 

15578 

282269 

111135 

333526 

333526 

235172 

1908 

u 

116811 

15577 

282270 

0 

333526 

333526 

201197 

19o9 

15576 

282269 

111135 

333527 

333527 

177821 

1970 

191112 

111107 

5230b 

1111U8 

1750 

52301 

122357 

160357 

71315 

1971 

52301 

275512 

137771 

336890 

336890 

135816 

197<: 

0 

111715 

51557 

270756 

0 

135378 

331650 

116261 

1973 

0 

130727 

16573 

238862 

119131 

296731 

296731 

nni55 

1971 

116336 

11117 

206050 

103025 

260808 

69131 

1975 

0 

103530 

3o881 

176851 

0 

88125 

228839 

228839 

52717 

1976 

92131 

32821 

150866 

0 

75133 

200390 

200390 

10166 

1977 

29211 

127710 

0 

63870 

175073 

175073 

30S13 

1976 

0 

72966 

2599b 

107161 

53581 

152511 

1525H 

2311- 

1979 

u 

23133 

88818 

0 

132191 

132191 

17161 

1960 

57786 

20567 

72519 

3o271 

111618 

111618 

13139 

I9bl 

51121 

16321 

58016 

0 

29023 

98768 

98768 

9817 

198^ 

0 

1O301 

15151 

22726 

81181 

81181 

7321 

1963 

37190 

11510 

37189 

10591 

70293 

70293 

5297 

1981 

0 

12912 

29836 

0 

11918 

57667 

57667 

3778 

SUb-TOTAL 

20962O9 

1886010 

679906 

1132181 

51290 

661952 

5129827 

2312827 

-6962 

REMAINING 

52715 
732711 


32080 
697032 


118981 
2191811 


GROSS  OIL  PRICE 
GROSS  GAS  PRICE 
TOTAL  RESERVE  LIFE 
LEASEHOLD  INVESTMENT 


.231  /  THOUSAND 
26.03   TEARS 
258000. 


ROYALTY  INTEREST 
FEDERAL  INCOME  TAX  RAT 
AOVALOREM  AND  STATE  TA 
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COST  or  HBW  OIL 
RESERVES  ADDED  IN  19«( 
TOTAL  ONITBO  STATES 


6B0SS 

ADWALOREM 

ADJUSTED 

TOTAL 

SROSS  OIL 

GROSS  GAS 

OIL  <  SAS 

ROYALTT 

8  STATE 

OPERATING 

GROSS 

INVESTED 

ti-e 

PROOOCTION 

PRODUCTION 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

THOUSANOS 

MILLIONS 

THOOSANOS 

thousaws 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

TEARS 

OF  BBLS 

OF  CU-FT 

OF   S 

OF   S 

OF  i 

OF  % 

OF   S 

















1966 

67082 

8779« 

3»0299 

.2537 

19115 

27906 

2507.0 

2902000 

1967 

13*96. 

175588 

680  599 

65075 

36233 

55812 

501.79 

1968 

13'196» 

175588 

65075 

38233 

55812 

501.79 

1969 

13»96<. 

175589 

580599 

65075 

38232 

55812 

501.79 

1970 

13»96'. 

175588 

580596 

65075 

38233 

55612 

501.79 

13»96'» 

175588 

680598 

8507. 

36232 

55812 

501.79 

233000 

1972 

13'.96« 

175588 

680599 

85075 

36233 

55812 

501.79 

1973 

133011 

173016 

838.. 

37679 

55812 

.93.15 

1971. 

120006 

156127 

605168 

756.6 

33996 

55812 

197S 

1066»<t 

1387«» 

537785 

67223 

30210 

55812 

38.5.0 

9-.  769 

123295 

»779C5 

59738 

268.5 

55812 

335509 

1977 

B'.218 

109567 

»2'»693 

53087 

55812 

291937 

1978 

7>.8»0 

97367 

377.0. 

.7175 

21201 

55812 

253216 

1979 

56507 

86525 

335383 

.1923 

188.0 

55812 

218807 

1980 

76892 

298038 

37255 

167.2 

55812 

19B1 

52520 

58329 

33107 

55312 

161057 

1982 

60722 

235363 

29.20 

13222 

55812 

136909 

1983 

»1»77 

53960 

209157 

251.5 

55812 

115.51 

198» 

36858 

»7953 

185868 

23233 

10..2 

55812 

96381 

19dS 

327S« 

»2613 

165172 

205.7 

9278 

55812 

79.35 

18-TOTAL 

18266*5 

2376»65 

9211.29 

1151.29 

517.52 

108833. 

5.5.215 

3135000 

MAININ6 
.66  ITRS 

142355 

18520« 

717873 

8973. 

.0327 

371855 

215957 

0 

TOTAL 

1969000 

2551569 

9929302 

12.1153 

557779 

1.50189 

5570172 

3135000 

1969 
1970 
1971 
1972 
1973 
197. 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
198. 
1985 


INTANGIBLE 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

DRILLING 

DEPLETION 

DEPRE- 

TAXABLE 

MENT  TAI 

INCOME 

TAX  NET 

NET  CASH 

FL0» 

COSTS 

ALLOaANCE 

CIATION 

INCOME 

CREDITS 

TAXES 

INCOME 

FLO. 

DISC.  15« 

THOOSANUS 

Thousands 

THOOSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

OF  i 

OF  i 

OF   S 

OF  » 

OF   S 

OF   » 

OF   S 

OF   S 

OF   » 

183968. 

12612 

23795 

-1625351 

25 

-812700 

1063..1 

-1838558 

-171.I16. 

153255 

.7591 

300631 

37576 

112539 

388839 

388838 

315298 

0 

153255 

.7592 

300533 

150316 

351153 

351153 

2.7508 

0 

153255 

.7591 

300532 

150316 

351152 

351152 

215311 

0 

153255 

.7592 

300533 

150315 

351153 

351153 

18722« 

169158 

139201 

53919 

139200 

3.67 

5613. 

.353.5 

2023.5 

93812 

153255 

53919 

29.305 

1.7153 

35.327 

35»327 

1.28M> 

151038 

531  .J 

289^39 

1..619 

3.8795 

3.8796 

L2227S 

0 

136259 

«79.J 

127750 

31196. 

31196. 

95098 

121097 

220838 

27.121 

27.121 

72663 

0 

107613 

37851 

19003. 

2.0.91 

55.33 

95531 

335.6 

152650 

81330 

210607 

210607 

.2213 

8.983 

29899 

138335 

59167 

18.0.9 

16.0.9 

32079 

0 

75520 

25570 

116717 

58358 

150..9 

2.317 

0 

67112 

23612 

97505 

.875. 

139.77 

139.77 

18382 

59539 

20983 

80.35 

.0217 

120839 

120839 

138.8 

52998 

186.6 

55265 

32633 

10.277 

10.277 

10391 

0 

.7097 

15570 

51783 

25891 

89559 

89559 

7761 

0 

.0828 

1.725 

.0828 

20.1. 

75957 

75967 

572* 

0 

33175 

13065 

33175 

16588 

628.8 

628.8 

.118 

795.3 
2070631 


56872 

756158 


795.3 
18325.2 


175185 
5795059 


GROSS  OIL  PRICE 
GROSS  GAS  PRICE 
TOTAL  RESERVE  LIFE 
LEAStHOLO  INVESTMENT 


ROTALTT  INTEREST 
FEDERAL  INCOME  TAX  RATE 
AOVALOREM  AND  STATE  TAX 
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COST  OP  NEW  OIL 
RESERVES  ADDED  IN  1967 
TOTAL  UNITED  STATES 


GROSS 

ADVALOREH 

ADJUSTED 

TOTAL 

6R0SS  OIL 

GROSS  GAS 

OIL  a  GAS 

ROYALTY 

i   STATE 

OPERATING 

GROSS 

I'lvESTEO 

TIME 

PRODUCTION 

PRODUCTION 

SALLS 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

THOUSANDS 

MILLIONS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

IHOUSAIIDS 

THOUSANDS 

TtAHS 

OF  BBLS 

OF  CU-FT 

OF   t 

°!..!.. 

OF  % 

OF   t 

OF   S 

CF   t 

1967 

63672 

65U55 

333621 

41703 

19354 

26802 

?45762 

2913000 

196B 

1273»i» 

130909 

667242 

83405 

38709 

53604 

491525 

1969 

1273<.t 

130910 

667242 

83405 

38708 

53604 

491524 

1970 

1273*'. 

130910 

667243 

83405 

38703 

53604 

491525 

1971 

1273U'. 

130909 

667242 

83406 

38709 

53604 

491524 

0 

1972 

1273»« 

130910 

667242 

8340S 

38708 

53604 

491525 

219000 

1973 

UTJHt 

I309I0 

667242 

83405 

38709 

53604 

491524 

0 

197H 

12S096 

129009 

657557 

82195 

38146 

53604 

483612 

0 

197S 

113187 

116357 

593068 

74133 

34405 

53604 

430926 

1976 

10U5<47 

103362 

526832 

65854 

30563 

53604 

376811 

ly 

1977 

89317 

91818 

467993 

58500 

27150 

53604 

328740 

1978 

793«.2 

81563 

415726 

51965 

53604 

286039 

0 

1979 

70O80 

72.*51 

369296 

46162 

21424 

53604 

248106 

1980 

62609 

64362 

328051 

41007 

19031 

53604 

214410 

1981 

bS6l7 

5717M 

291413 

36426 

16905 

53604 

184477 

0 

1962 

H9I.05 

50789 

258867 

32359 

15018 

53604 

157887 

19ej 

■43887 

•.5116 

229956 

28744 

13340 

53604 

134267 

0 

19b'. 

38986 

40077 

204273 

25534 

11851 

53604 

113284 

19eb 

3'.632 

35601 

181459 

22683 

10527 

53604 

94646 

0 

1986 

3076t 

31626 

161193 

20149 

9351 

53604 

78089 

Sud-IOTAL 

1722005 

1770221 

9022758 

1127845 

523433 

1045278 

6326202 

3132000 

REHAlNINg 

6.77  TRS 

13'.995 

138775 

707334 

88416 

41034 

363140 

214743 

0 

lOTAL 

1857000 

1908996 

9730092 

1216261 

564467 

1408418 

6540945 

3132000 

(9) 

(101 

111) 

(12) 

(131 

(14) 

115) 

(16) 

(17) 

INTANGIBLE 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

DRILLING 

DEPLETION 

DEPRE- 

TAXABLE 

MENT  TAX 

INCOME 

TAX  NET 

NET  CASH 

FLO. 

TIME 

COSTS 

ALLO»ANCE 

CIATION 

INCOME 

CREDITS 

TAXES 

INCOME 

FLO. 

DISC.  15« 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

YtARS 

OF   S 

OF  i 

OF  i 

OF   » 

Of   » 

OF   S 

OF   t 

°!..!.. 

!L-2- 

1967 

1927170 

9978 

23824 

-1715208 

25 

-857629 

1103392 

-1809607 

-1687467 

19o8 

149910 

47648 

293965 

39580 

107402 

384122 

384121 

311473 

1969 

0 

14991U 

47648 

293966 

0 

146983 

344541 

J4454  1 

242939 

1970 

149911 

47648 

146983 

344542 

344542 

211251 

1971 

0 

149910 

293966 

0 

146983 

344541 

344541 

183697 

1972 

160965 

138578 

53404 

13857B 

3308 

65981 

425544 

206544 

95757 

1973 

0 

149910 

53404 

288210 

0 

144105 

347419 

140062 

1970 

147J34 

5£6?9 

2832H9 

0 

141624 

341988 

341988 

119888 

1975 

0 

133246 

47468 

25021i 

0 

125107 

305S19 

305819 

93225 

197b 

0 

118364 

42166 

216281 

0 

108140 

268670 

268670 

71218 

1977 

105145 

37456 

186139 

93070 

235672 

235672 

54  323 

1978 

0 

93402 

33274 

159364 

0 

79681 

206356 

206356 

41361 

1979 

82970 

29557 

135578 

0 

67790 

180317 

180317 

31428 

19o0 

0 

73704 

26256 

114450 

0 

57225 

157185 

157185 

23822 

1981 

65472 

23324 

95681 

0 

4  784  0 

136637 

136637 

1800R 

1982 

58160 

20719 

79008 

39504 

118383 

118383 

13566 

1983 

0 

51665 

164U5 

64197 

0 

32099 

102168 

102168 

10181 

1984 

45894 

16349 

51041 

0 

25520 

87764 

87764 

7606 

1985 

0 

40061 

14524 

40061 

0 

20031 

74615 

74615 

5622 

1980 

0 

32594 

12901 

32594 

0 

16297 

61792 

61792 

40«9 

SUB-TOTAL 

2086135 

1946518 

690252 

1595298 

42914 

754736 

5571467 

2439467 

-7991 

REMAINING 

6.77  YRS 

0 

79065 

56613 

79065 

0 

39532 

175211 

175211 

7991 

TOTAL 

2088135 

2025583 

752865 

1674363 

42914 

794268 

5746678 

2614678 

0 

GROSS  OIL  PRICE 
GROSS  GAS  PRICE 
TOTAL  RESERVE  LIFE 
LEASEHOLD  INVESTMENT 


»    .240  /  THOUSAND  CU- 

26.77   YEARS 
S  291000. 


ROYALTY  INTEREST  12.50 

FEDERAL  INCOME  TAX  RATE         SO. 00 
ADVALOREM  AND  STATE  TAX  RATE      6.63 
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La  Rue,  Moore  S  Schafer 


COST    OF    NEW    OIL 
RESERVES    ADDED    IN    1968 
TOTAL    UNITED    STATES 


RLh«lllIf»b 


GROSS 

advaloheh 

ADJUSTED 

TOTAL 

GROSS  OIL 

GROSS  GAS 

OIL  >  GAS 

ROTALIT 

a  STATE 

OPERATING 

GROSS 

INVESTED 

'ROOUCTION 

PRODUCTION 

SALtS 

EXPENSE 

TAXES 

EXPENSES 

INCOVE 

CAPITAL 

THOUSAtUS 

MILLIONS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

TriOUSANoS 

THOUSANDS 

OF  BfaLS 

OF  CU-FT 

OF   S 

OF   S 

OF   t 

OF  % 

6O070 

7732S 

367861 

45983 

21531 

27222 

273123 

3211000 

1361U0 

154655 

735723 

91965 

43067 

54444 

546246 

1S4055 

73=722 

91965 

43067 

54444 

546245 

l}bl»0 

154655 

735723 

91966 

54444 

546246 

UoluO 

154655 

91965 

43067 

54444 

546246 

IJbluO 

154655 

735722 

91965 

43067 

54444 

546246 

2350D0 

136mO 

154655 

735723 

91965 

4306» 

54444 

546246 

152392 

724957 

90620 

42437 

54444 

537456 

12US69 

137330 

653304 

81663 

3d243 

54444 

107263 

121873 

579774 

72472 

33938 

54444 

418920 

9b20e 

108156 

514519 

64315 

30119 

54444 

365642 

81492 

95964 

456610 

57076 

26729 

54444 

74983 

85180 

405218 

50652 

23720 

276401 

66543 

75593 

359611 

44952 

21051 

54444 

239164 

590S<. 

67085 

319136 

39892 

18681 

54444 

206119 

bi407 

59535 

2a32i6 

35402 

16579 

54444 

176792 

4O509 

52834 

31417 

14713 

150766 

T^% 

223052 

27882 

13057 

54444 

127669 

36626 

197947 

24743 

11587 

54444 

107172 

32506 

36927 

175667 

21959 

10283 

54444 

8a9B3 

lB3ba3'» 

2086644 

9926548 

1240818 

581076 

1061658 

7042996 

3446000 

149166 

169452 

8O0II6 

100764 

47188 

397707 

260456 

0 

198o000 

2256096 

10732664 

1341562 

628264 

1459365 

7303452 

3446000 

INTANtiaLE 

INVEST- 

FEUERAL 

AFTER 

•JET  CASH 

DRILLING 

DEPLETION 

DEt'HE- 

TAXABLE 

MENT 

TAX 

INCOME 

TAX  NET 

NET  C»SH 

FLOl. 

COSTS 

ALLOKANCE 

CIATION 

INCOME 

CREDITS 

TAXES 

INCOME 

FLO. 

DISC.  15« 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSAKOS 

OF   » 

OF   S 

OF   S 

OF  s 

OF 

» 

OF   » 

OF   1 

OF   » 

OF   J 

2093616 

136u7 

24691 

-1858790 

25 

-929420 

1202544 

-2008455 

-1072894 

49362 

331673 

115434 

430610 

430809 

349332 

u 

165190 

331673 

0 

165837 

380409 

380409 

268229 

165189 

49382 

331674 

165837 

380409 

380409 

233243 

165190 

49362 

331674 

165837 

360409 

380409 

202820 

174640 

158030 

55346 

4211 

74804 

236442 

109619 

165190 

325711 

162855 

383390 

383390 

154563 

162772 

54535 

3201H7 

0 

3773S3 

377  383 

U2296 

49146 

283124 

0 

141562 

337392 

337302 

102850 

0 

130175 

43614 

245130 

122565 

296354 

296354 

78556 

36706 

211413 

105707 

259936 

259936 

102522 

34349 

181491 

90745 

227616 

227616 

90982 

304O3 

154936 

0 

77468 

198933 

198933 

34572 

80742 

27052 

131370 

0 

65685 

173480 

173480 

26293 

0 

71655 

5522a 

150691 

150890 

19885 

0 

213U5 

91896 

45948 

130844 

130843 

14995 

56433 

189U8 

75426 

37713 

113053 

113054 

11266 

50081 

16779 

60809 

30404 

97265 

97265 

8428 

0 

i'.a9i 

47837 

0 

23919 

83253 

83253 

6274 

" 

37864 

13215 

37884 

0 

1B942 

70041 

70041 

4589 

GROSS  OIL  PRICE 
bROSS  GAS  PRICE 
TOTAL  RESERVE  LIFE 
LEASEHOLD  InVESIMtNl 


99907 

0 

49954       210502       210502 

2003471 

54638 

947097      6356355      2910355 

ROTALTY  INTEREST 
FEDERAL  INCOME  TAX  HATE 
AOVALOREM  AND  STIVTE  TAX  RATE 
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lOORE    5>     SCHAFER 


COST  OP  NEW 

OIL 

RESERVES  AODEO 

IN  1969 

TOTXL  UNITED 

STATES 

(I) 

(2> 

131 

(0) 

IS) 

16) 

17) 

18) 

GROSS 

AOVALOREM 

ADJUSTED 

TOTAL 

GROSS  OIL 

GROSS  GAS 

OIL  i    GAS 

ROYALTY 

«  STATE 

OPERATING 

GROSS 

INVESTED 

tIMt 

PROOOCTIOS 

PROOOCTION 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

THOOSANDS 

MILLIONS 

Thousands 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

tLASS 

OF  bBLS 

OF  CU-FT 

OF   s 

OF  i 

s 

OF  i 

OF   $ 













1969 

517l» 

65211 

379132 

07391 

21762 

27 

50 

282620 

3228000 

1970 

103<.2a 

130023 

75O2O0 

90783 

03525 

50 

08 

56S209 

1971 

10JU26 

130023 

756260 

90763 

03520 

50 

08 

565208 

1972 

10i'.28 

130O22 

7S»2<.3 

90783 

03520 

50 

08 

565209 

0 

1973 

103026 

130023 

758260 

90783 

03525 

50 

08 

565208 

0 

197» 

103026 

130023 

758260 

90783 

03520 

50 

08 

565209 

178000 

197b 

103O26 

130023 

7582O0 

90783 

03520 

50 

08 

565208 

1976 

101911 

126509 

707103 

93393 

02686 

50 

08 

556156 

1977 

9iaio 

115781 

673130 

80102 

38638 

So 

08 

095607 

197B 

61060 

102720 

597205 

70651 

3O280 

50 

033S67 

0 

i9Ti 

72271 

91130 

529801 

66230 

30O13 

50 

08 

378090 

0 

I960 

60118 

80853 

070076 

58759 

26982 

50 

08 

329626 

1961 

56667 

71730 

O17051 

52132 

23939 

50 

08 

286273 

0 

1962 

bu069 

O3602 

3700U9 

06251 

21238 

50 

08 

207811 

198i 

00777 

56060 

328272 

01030 

1880  3 

So 

08 

213687 

0 

19et 

39720 

50090 

291203 

36O05 

16717 

50 

08 

183013 

0 

i98b 

3i2oS 

256392 

32299 

10832 

50 

156553 

19ab 

31<=o9 

39O30 

229205 

26656 

13159 

5o 

08 

132722 

0 

l5o7 

277o<: 

30983 

203386 

25023 

11670 

50 

08 

111581 

0 

1986 

20ol3 

31037 

180005 

22556 

10358 

50 

92820 

Sje-IOTAL 

1390586 

1758573 

1022O156 

1278019 

586867 

1066806 

7292065 

3O06000 

RtMAKlNS 

7.07  YKS 

lloolo 

100276 

838807 

1008S1 

08107 

O08690 

277U8 

0 

TOTAL 

1509000 

1902809 

110629b3 

1382870 

6350 10 

107S096 

7569583 

3006000 

19oi 
19o3 
19oo 
l936 
198o 
1987 


Suo-TOTA,. 

Rt.KAlNlN6 


•ROSi   01 
uROSs   GAS   PkICE 
TOTAL   RESERVE   LIFE 
LC.ASEHOLU    INVESTMENT 


(9) 

(10) 

(111 

(12! 

(13) 

(10) 

(15) 

(16) 

(17) 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

DRILLING 

DEPLETION 

DEPRt- 

TAXABLE 

MENT  TAX 

INCOME 

TAX  NET 

NET  CASH 

FLO» 

COSTS 

ALLO.ANCt 

INCOME 

CREDITS 

TAXES 

INCOME 

FLO. 

DISC.  15« 

IHOUbANbS 

THOUSANDS 

Tn0US«r.0S 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

THOUSANDS 

ur   1 

uf   S 

Of   $ 

OF  s 

OF  I 

OF   s 

OF   S 

OF   s 

OF   < 



















198i)37t, 

18003 

20306 

-17O0700 

25 

-870375 

1153000 

-207O999 

-1930907 

170O68 

06693 

306066 

30999 

13803O 

O27210 

027213 

306016 

170068 

00O93 

306068 

173030 

392210 

392210 

276551 

C 

170086 

tob-li 

3O6067 

0 

17303O 

392215 

392215 

2«0«82 

170068 

06693 

306068 

0 

173033 

392215 

392215 

20911O 

131006 

53351 

2317 

102885 

062  J60 

280364 

131837 

170068 

53350 

301010 

170705 

390500 

390500 

159059 

0 

lo7966 

5<5od 

335600 

0 

167800 

368355 

3a83SS 

136JJI13 

151306 

o73d1 

296939 

108069 

507178 

307178 

105833 

130275 

O2016 

257272 

0 

128637 

300930 

30O930 

80830 

0 

37279 

222062 

0 

267009 

267009 

61607 

105691 

33070 

190860 

95030 

230196 

230196 

06901 

93770 

293o3 

163161 

0 

81580 

200693 

20O693 

35677 

0 

63193 

2O033 

138585 

69292 

178519 

178519 

27056 

0 

73809 

23097 

116782 

0 

58391 

155296 

15S296 

20066 

65063 

97037 

0 

08719 

130690 

130690 

15036 

56097 

18180 

80276 

00138 

0 

51503 

16129 

65050 

0 

32525 

100198 

100198 

8682 

05729 

IO310 

51502 

0 

25771 

85810 

6066 

0 

O006O 

12696 

00060 

0 

20032 

72792 

72792 

O770 

2111560 

2231051 

698399 

2251031 

373O0 

1088175 

6200290 

2798290 

-9938 

0 

109051 

59017 

109050 

0 

50525 

222593 

222593 

9938 

2111560 

23O0502 

757016 

2360081 

373O0 

11O2700 

6026883 

3020883 

0 

KiCt 

S   7 

01   /  B8L 

ROYALTY 

NTEREST 

12 

.50  % 

THOUSAND    CU- 


64-282   O  -  76  -  18 
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lOORE    5.    SCHAFER 


COST    OF    NEW    OIL 
RESEirVEE   ADDED    IN   197 
TOTM.    UNITED    STATES  ( 


6H0SS 

ADVALOREM 

ADJUSTED 

TOTAL 

GROiS  OIL 

OROSS  CAS 

ROTALTT 

i   STATE 

OPERATING 

GROSS 

INVESTED 

llxt 

PrtOOUCTlO.w 

PRODUCT  I Ot< 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

TMOl,SANUS 

MILLIONS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

thousa;jdS 

THOUSANDS 

ItiRi 

OF  faBLS 

OF  CU-FI 

OF   I 

OF   $ 

OF   » 

OF   J 

OF   $ 

OF   i 



1970 

60000 

7".«00 

1S1015 

56752 

26180 

29871 

311210 

3383000 

1971 

12000U 

msaoo 

906031 

52359 

59718 

682119 

197^ 

iztooo 

mssoo 

908030 

113501 

52359 

59716 

682120 

0 

197J 

liOOOO 

1«8800 

906031 

113503 

52360 

682119 

0 

197» 

luaaoo 

908031 

113501 

52359 

59718 

682120 

0 

I97b 

12O0G0 

118800 

9oeo3o 

113501 

52359 

59718 

207000 

197t> 

120000 

I'.aaoo 

113501 

52360 

59718 

682119 

1977 

1162i3 

l«6b97 

891586 

111823 

51581 

59718 

671131 

0 

197o 

lOoUob 

1319U2 

100615 

16127 

59718 

598337 

1979 

9-2<,<: 

116922 

713503 

89186 

59718 

523121 

0 

19bu 

ej559 

103613 

6322B3 

79035 

36159 

59716 

157011 

0 

91618 

560308 

70038 

32309 

59718 

398213 

0 

19B^ 

6b618 

81367 

59718 

316082 

19oi 

561^9 

72101 

110005 

55001 

25372 

59718 

299885 

0 

19oH 

S1529 

63896 

3B99I9 

18710 

22181 

59718 

258916 

0 

19oi 

iboo'* 

56623 

315532 

19921 

59718 

222669 

«o«ob 

30O200 

38275 

17656 

190521 

0 

191,7 

3ba59 

'.1I.6S 

271311 

33918 

15616 

59718 

162031 

I960 

31776 

39101 

21C156 

30057 

13866 

59718 

136786 

0 

1909 

26160 

31916 

213081 

26636 

12287 

59718 

0 

Ub-TOT«L 

16137«a 

2001017 

12211102 

1526388 

701123 

1165086 

8815506 

3590000 

tMAluIN„ 

136252 

168953 

1031012 

128876 

59150 

180371 

362313 

0 

lOTAL 

1760000 

2170000 

13212111 

1655261 

763573 

1515157 

9177819 

3590000 

INTANGIBLE 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

DRILLING 

DEPLETION 

DEPRE- 

TAXABLE 

MENT  TAX 

INCOME 

NET  CASH 

FL0» 

IlMt 

COSTS 

ALLO.ANCE 

CIATION 

INCOME 

CREDITS 

TAXES 

INCOME 

FLO. 

DISC.  15t 

THOLSANuS 

THOUSANDS 

THOUSANDS 

Thousauos 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

ttASi 

f...!.. 

2--!- 

°L.!.. 

OF   S 

..-!L.-!.. 

OF  i 

OF   » 

OF   » 

OF   5 

1970 

1739232 

31526 

21832 

-1151379 

0 

-727189 

1068100 

-2311599 

-2158375 

1971 

103277 

13661 

175177 

237738 

111680 

111579 

360579 

a97^ 

163276 

IJBbl 

175179 

0 

237710 

111680 

111680 

313517 

1973 

103277 

13561 

175179 

0 

237739 

111680 

111580 

272650 

1971 

163277 

l35o1 

175178 

0 

237739 

111661 

237087 

197b 

151521 

163277 

318153 

159226 

523193 

316193 

116593 

197b 

163277 

169977 

231989 

117131 

117131 

180381 

1977 

I6i!659 

^6138 

152133 

0 

231067 

110361 

!110361 

IS -1375 

1976 

13596 

109962 

0 

201981 

393355 

393355 

119910 

1979 

12d29e 

36633 

356191 

176217 

315178 

315178 

91198 

I960 

0 

113693 

31235 

309112 

0 

151555 

302185 

302185 

69723 

19ol 

100752 

303j8 

267123 

133562 

261551 

261651 

53015 

19o^ 

89262 

26885 

229915 

111957 

231121 

10283 

1933 

79119 

23621 

196911 

c 

98171 

201115 

201115 

30525 

196» 

70113 

21113 

167722 

0 

83861 

175086 

175086 

23071 

19b5 

62132 

111828 

0 

70911 

151751 

151751 

17391 

19oo 

0 

55059 

16579 

118882 

131080 

131080 

13053 

1967 

16791 

11592 

98518 

0 

19271 

112758 

112758 

9771 

19tb 

13238 

13020 

80529 

0 

10261 

96521 

96521 

7273 

19o9 

0 

38316 

11537 

51560 

0 

32281 

82133 

82133 

5381 

Suu-TOTAL 

1690756 

21laol7 

636119 

1139713 

0 

2069856 

6715619 

3155619 

-12221 

RLHAiM.n, 

6.01  THS 

^' 

11107B 

55825 

165111 

0 

82705 

279609 

27950.9 

12221 

lOTAL 

1690756 

22o9695 

692211 

1305121 

' 

2152561 

7025258 

3135258 

° 

»KOSS  OIL 

PRICE 

^   ^ 

25   /  BSL 

ROTALTT 

INTEREST 

12 

50, 

li^CS;.  GA, 

PkICE 

s 

257  /  THOUSAND  CU-FT 

FEDERAL 

INCOME  TAX  RA 

IE         SO 

00  < 

lOTAL  RtSEKvt  LIFt 

28 

01   TEAKS 

ADVALORE 

M  AND  STATE  TAX  RATE      5 

59  « 

LtAS^hOLU 

ImvESTKLNT  ( 

OOO)    $1007000. 
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COST  OF  NEW 

OIL 

IN  1971 

TOTAL  UNITED  STATES 

tl) 

<2. 

&«OSS 

<1. 

AOVALOREM 

16) 

ADJUSTEO 

(8) 
TOTAL 

l,ROSS  OIL 

5R0bS  6AS 

OIL  a  iAS 

ROYALTY 

t    STATE 

OPERATING 

GROSS 

INVESTED 

CHOUUCTION 

SALiS 

EXPENSE 

TAnES 

EXPENSES 

INCOME 

CAPITAL 

IHOUSANuS 

MILLIONS 

TMOUSANOS 

ThOUSANOS 

THOUSANOS 

Thousanus 

tmousanus 

THOUSANDS 

It-"-- 

OF  bBLb 

OF  CU-FT 

°L-!.. 

°!..!.. 

Z.-l.. 

OF   » 

OF   S 

OF   » 

1971 

MJ038 

blO-ti 

363138 

16017 

20581 

28902 

272635 

2881000 

i•)^^ 

bt.076 

102086 

730276 

92035 

11167 

57801 

515271 

197J 

80U76 

102086 

736277 

92031 

11167 

57801 

515271 

0 

197« 

80U76 

102066 

736276 

9203S 

11157 

57801 

515270 

0 

197b 

86076 

102087 

730276 

92031 

11167 

57801 

0 

1976 

86076 

102086 

736277 

92035 

11167 

57801 

515271 

118000 

1977 

86076 

736276 

92031 

11167 

57801 

515271 

197b 

84623 

100600 

725558 

9069b 

10568 

57801 

S3619I 

0 

1979 

7o<.bl 

90707 

65'.206 

81776 

36576 

57801 

178018 

19b0 

6/917 

805H8 

SBog-l 

32182 

57801 

g 

19ei 

6UiH, 

71528 

515882 

61185 

26611 

57801 

361718 

0 

196i 

SJbSb 

63518 

HbdlOb 

57263 

25ol1 

S7801 

317127 

190J 

«755b 

56U0H 

UObbUb 

50851 

22715 

57801 

275105 

0 

19im 

Hiiii 

50088 

361217 

15156 

20199 

57801 

238089 

1966 

3/5uJ 

■.t'.7b 

32J792 

10099 

17936 

57801 

201952 

0 

l9ot. 

3J303 

28'>b66 

33608 

15927 

57801 

175526 

0 

I'io? 

29b7J 

3507<. 

2529oU 

31621 

57801 

119396 

i9od 

311*6 

22'*63t 

28079 

1^560 

57601 

0 

iJi^l 

27658 

199178 

21935 

11151 

57801 

105586 

0 

1990 

2u7ub 

2'«560 

177139 

22112 

9901 

57801 

87288 

SJil-T0T«L 

llbootl 

1379367 

9918115 

1213552 

556211 

1127178 

7021115 

3032000 

RcMAlNlNG 

U.91  YkS 

919b9 

1U9063 

786595 

98321 

13980 

399569 

211721 

0 

TOTAL 

libbUOO 

1U88H30 

10735U10 

1311876 

60U221 

1526717 

7266166 

3032000 

197b 
1970 
1977 
l97o 
1979 
19B0 
1981 
1962 
1963 


196D 

19b; 
19bo 
1989 


INTA.JGloLE 

uRIlLIUO  DEPLETION 

C05TS  ALLO«ANCE 

rMoos.<i.L.s  Thousani/S 


THOuSANuS 


INVEST- 

taxaule   went  tax 

income    credits 

Thousands   thousands 


FEDERAL 

INCOME 

TAXES 

ThOUSANOS 


NET  CASH 

FLOf 

DISC.  IS* 

THOUSANDS 


13^o76 

369  3  7 

373656 

13^677 

3o938 

373656 

132076 

38937 

373657 

132677 

3o937 

373657 

132676 

12711 

259920 

13<:677 

12711 

369883 

130715 

120O9 

363658 

117687 

37950 

322210 

101665 

337U0 

279653 

929o2 

29926 

211861 

82550 

2o57l 

208301 

73306 

23599 

178501 

65097 

2C955 

152037 

5780O 

1H609 

128537 

15581 

11671 

89138 

10179 

13031 

72682 

31920 

10275 

15092 

-705658 
117H2 
186829 
186828 
186829 
127297 
181912 
181829 
161105 
139826 
120930 
101151 
89251 
76018 
61268 
53835 
11569 
36310 
29035 
22516 

1137882 


978291 
398158 
358112 
358112 
358113 
117973 
360329 
351663 
31691," 
278212 
213818 
213276 
186151 
162071 


121691 
101827 
89851 
76552 
61711 


-1905705 
398157 
358112 
358112 

269973 
360329 
351663 
316912 
278212 

213276 
186151 
162071 
110681 
121691 
101827 
89851 
76552 
61711 


-1777079 
322855 
252710 
219771 
19110H 
125155 
115266 
121332 
95611 
73717 
56200 
12718 
32116 
21553 
18510 


102157 
3062725 


193613 
5777206 


uROSb  OIL  PRICE 
GROSS  GAS  PRICE 
lOTAL  RESERVE  LIFE 
LEASEHOLD  Investment 


ROYALTY  INTEREST  .     12.50 

FEDERAL  INCOME  TAX  RATE  50.00 

AOVALOREM  AND  STATE  TAX  RATE       6.39 
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COST  OF  NEW 

OIL 

RESERVES  ADDED 

IN  1972 

TOTAL  UNITED 

STATES 

.1. 

(2. 

131 
GROSS 

.0. 

151 
AOVALOREM 

(6, 

ADJUSTED 

(81 
TOTAL 

GROSS  OIL 

GROSS  6AS 

OIL  S  GAS 

ROYALTY 

S  STATE 

OPERATING 

GROSS 

INVESTED 

TIME 

PRODUCTION 

PRODUCTION 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

THOUSANDS 

MILLIONS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

rtARS 

OF  BBLS 

OF  CU-FT 

OF   t 

OF   $ 

!L-!-. 

Z..I.. 

...°J...t.. 

11..1.. 

1972 

•itZbi 

60018 

303072 

02930 

1906O 

28356 

253098 

2833000 

197J 

boii" 

120835 

686903 

85866 

36168 

56712 

506195 

I97n 

eo52<t 

120835 

686903 

65866 

38169 

56712 

506195 

1975 

8652<4 

120635 

6e69u'. 

85666 

38166 

56712 

506195 

0 

1S76 

6652'. 

120636 

56712 

506195 

1977 

8652U 

120835 

666903 

85868 

38169 

56712 

506195 

153000 

1978 

SHSZt 

120835 

666903 

85867 

3816B 

56712 

506195 

1979 

67205 

119090 

677019 

37617 

56712 

096063 

0 

198(] 

76727 

107062 

610920 

76365 

33900 

56712 

003899 

0 

19b  1 

69970 

95515 

502997 

67870 

30170 

56712 

388239 

1962 

62190 

60695 

082620 

6032fl 

26816 

56712 

338769 

0 

1963 

55260 

75056 

53621 

23830 

56712 

290798 

1961, 

091 J3 

67067 

361272 

07659 

21185 

56712 

255716 

0 

1985 

0i670 

59610 

336860 

02360 

16829 

56712 

220979 

198o 

36815 

52962 

301203 

37650 

16735 

56712 

190105 

1967 

30099 

267710 

33065 

10875 

56712 

162663 

1966 

01656 

237909 

29703 

56712 

138272 

0 

196V 

27250 

37202 

211093 

26037 

11751 

56712 

116590 

0 

199U 

20225 

33066 

187978 

23097 

10005 

56712 

97320 

1991 

21530 

29389 

167079 

20865 

9283 

56712 

80199 

0 

SUB-TOTAL 

1198616 

1636111 

9301223 

1162653 

516799 

1105380 

6515487 

2986000 

RtMAilglNt 

a.bt    »Ki 

9^360 

127069 

720650 

90582 

O026O 

376308 

217501 

0 

lUlAL 

1292000 

1763560 

10023877 

1253235 

557063 

1082192 

67333S8 

2986000 

I..TA.,uI6LE 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

uHlLLINo 

DEPLETION 

DEPRE- 

TAXABLE 

INCOME 

NET  CASH 

FLO* 

COSTS 

ALLOWANCE 

CIATION 

INCOME 

CREDITS 

TAXES 

INCOME 

FLO* 

DISC.  15« 

THOUSANDS 

Thousands 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

Z..I-. 

°JL.-l.. 

°J..Jt.. 

— °-.-!-. 

...f— !-. 

—  -!.-!- 

Z..I.. 

OF   J 

!!..!.. 

1780716 

22009 

-1563667 

25 

-731858 

1030957 

-17980O2 

-16766B3 

123639 

337056 

05805 

383311 

383310 

310d6 

123800 

00898 

337058 

168729 

337066 

337066 

237950 

123639 

00896 

337057 

168728 

337067 

337067 

206913 

I236O0 

00  698 

337058 

0 

166729 

337066 

337066 

179925 

111603 

123839 

06976 

221537 

2681 

398307 

2O5307 

113729 

1236O0 

333361 

166690 

339505 

136871 

^22050 

tiZhl 

327740 

0 

163872 

330190 

33O190 

117150 

110135 

03555 

29021C 

C 

105105 

298795 

298795 

91080 

97869 

36713 

251637 

125819 

262021 

262021 

69562 

0 

67006 

30006 

217355 

108677 

230091 

230091 

53036 

0 

77332 

3o563 

186883 

0 

93002 

201356 

201356 

O0359 

68730 

27162 

159799 

79899 

175617 

175B17 

30603 

61092 

201ol 

135727 

67860 

153115 

153U5 

23206 

0 

50300 

210  ;o 

110331 

0 

57165 

13290C 

1329O0 

17520 

06263 

19066 

95310 

07657 

115006 

115006 

13180 

02896 

16965 

76012 

39206 

99066 

99066 

9872 

38127 

15076 

63388 

0 

31690 

SO900 

80900 

7357 

0 

33888 

13O02 

50030 

25017 

72307 

72307 

500P 

" 

30121 

11911 

38167 

0 

1908O 

611)5 

61115 

0005 

1626071       600 


01670 
1167960 


175830 
5565028 


175830 
2579028 


GROSS  GAS  PRICE 
TOTAL  RESERVE  LIFE 
LEASEHOLD  INVESTMEN 


7.36   /  BBL 
.293  /  THOUSAND  CU-FT 
26.64   YEARS 
397000. 


ROYALTY  INTEREST  12.50 

FEDERAL  INCOME  TAX  RATE  50.00 

AOVALOREM  AND  STATE  TAX  RATE      6.35 
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I97b 

197t> 

i^n 
197a 

197S 
1960 
19bl 
19b2 
196j 
196'. 
1965 
1986 
19o7 
1968 
1969 
1990 
1991 
199i 


tortOiS  OIL 

uROSS  6AS 

OIL  <  St 

PRODUCTION 

PRODUCTION 

SALES 

THOUSANDS 

MILLIONS 

THOUSANC 

OF  6BLS 

OF  CU-FT 

OF  % 







3bo<.6 

■.9726 

32'<021 

7l29i 

99«53 

6.80-3 

^l^9^ 

99»52 

blBO.J 

71292 

99»52 

6.80'.3 

71292 

99U53 

b'.80'.3 

71292 

99<.52 

6180-3 

71292 

99it52 

6«eo-3 

70265 

98020 

638711 

63»28 

576552 

5C.397 

7867b 

51265- 

S01I.7 

69955 

-55836 

<t'<590 

62203 

-05317 

396U7 

55308 

360396 

J525» 

U917S 

32C-b3 

3130b 

'»3729 

28-936 

27872 

38881 

253358 

2'.76» 

3»S73 

225279 

22036 

307^1 

200312 

1959". 

2733'< 

178111 

17^23 

2»30'. 

150371 

102978 
1-50800 


67101- 
9-53580 


COST  OF  NEW 

OIL 

RESERVES  ADDED 

IN  1973 

TOTM.  UNITED 

STATES 

(-) 

15) 

(6) 

(7) 

(8) 

AOVALOKEM 

ADJUSTED 

TOTAL 

royalTt 

i    STATE 

OPERATING 

GROSS 

irvESTEO 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

OF  i 

OF   S 

OF  \ 

OF   » 

OF  s 







-0503 

17380 

27732 

238-07 

2723000 

81005 

3-7S9 

SS-6- 

-7681- 

81005 

3-760 

55-6- 

-7681- 

0 

3-759 

55-6- 

-76815 

0 

81005 

3-759 

55-6- 

-7681- 

0 

81006 

3-760 

i5-6» 

-7681- 

123000 

81005 

3-759 

55-6- 

-7681- 

79839 

3-259 

55-6- 

-69150 

0 

72069 

30925 

55-6- 

-1809- 

6-081 

27-97 

55-6- 

365610 

0 

56980 

2—50 

55-6. 

3189-3 

0 

50665 

217-0 

55-6- 

277—8 

19331 

55-6- 

2-0552 

0 

-0057 

17188 

55-6- 

2077— 

35617 

1528- 

55-6- 

17SS73 

31670 

13589 

152635 

0 

26160 

1206- 

55-6- 

129572 

25039 

107— 

55-6- 

22263 

9553 

55-6- 

90830 

19797 

8-95 

S5«6« 

7-616 

0 

1097820 

-71075 

10815-8 

6132122 

28-6000 

83677 

35991 

35-60- 

1965-2 

0 

1181697 

507066 

1-36152 

632806- 

28-6000 

iNTANGIbLE 

INVEST- 

FEDERAL 

AFTER 

NET  CASH 

ORILLING 

DEPLETION 

DEPRE- 

TAXABLE 

MENT  TAX 

INCOME 

TAX  NET 

NET  CASH 

FL0« 

TIML 

CuSTS 

ALLO.ANCL 

CIATION 

INCOME 

CREDITS 

TAXES 

INCOME 

FLO« 

DISC.  15« 

THOUSANDS 

Thousands 

Thousands 

Thousands 

THOUSANDS 

THOUSAt.OS 

THOUSANDS 

Thousands 

THOUSANDS 

r,.ARS 

OF   S 

OF   » 

OF   $ 

OF  \ 

OF   » 

OF   t 

OF   S 

















1973 

176-735 

11037 

21806 

-1559171 

25 

-779610 

1018018 

-170-981 

-1589903 

197- 

0 

117101 

-3616 

31b09b 

—  51- 

11353- 

363200 

3f-3279 

29-573 

1975 

117101 

-3616 

316097 

1580-8 

318765 

318765 

22-76- 

1976 

0 

117101 

-J616 

316097 

0 

1580-9 

318766 

318766 

195—7 

1977 

117101 

316097 

1580-8 

318766 

318766 

16995- 

1976 

90-Ob 

117102 

-o6-7 

222-61 

2261 

1089-9 

367865 

2—865 

11352- 

1979 

117101 

31286b 

0 

lib-33 

320381 

320381 

129161 

198u 

0 

115-15 

-0172 

307562 

153781 

315369 

315369 

110557 

1981 

10-163 

-1679 

272233 

0 

136116 

281978 

281978 

85957 

1902 

92o3o 

370o0 

23591- 

0 

117957 

2-7653 

2-7653 

656-7 

l9o3 

u 

6<:3o9 

32953 

203e21 

0 

101811 

217132 

217132 

50050 

196- 

732-1 

29300 

17-907 

0 

87-53 

189995 

189995 

38081 

196b 

0 

65123 

2e0b3 

1-9375 

0 

7-688 

16586- 

16586- 

28909 

19o6 

57906 

23166 

126673 

0 

63336 

1—08 

1—08 

21886 

1967 

0 

51-86 

20598 

106-87 

0 

532— 

125329 

125329 

16517 

l9bo 

-5762 

16315 

88538 

—269 

108367 

108366 

12-19 

1969 

c 

-0708 

lo2b6 

72578 

36289 

93282 

93283 

9296 

1990 

3bl9b 

1  —  80 

58388 

0 

2919- 

79870 

79870 

6921 

1991 

32165 

12876 

-5769 

2288- 

679-6 

b79«5 

5120 

1992 

0 

28b  18 

11  —  8 

3-550 

0 

17275 

573-1 

573-2 

3757 

Sue-TOTAL 

18551-u 

1539-93 

620352 

2117137 

-6820 

10117-8 

512037- 

227-37- 

-7363 

REMAlMtrt 

b.SS  TKS 

0 

7-017 

-8508 

7-017 

0 

37009 

159533 

159533 

7363 

TOTA,. 

185bl-0 

1613510 

219115- 

-6820 

10-8757 

5279907 

2-33907 

0 

6R0SS  OIL 

PRICE 

»   8, 

,70   /  B6L 

ROYALTY 

INTEREST 

12 

.50  1 

GROSS  GAS 

PRICE 

,279  /  THOUSAND  CU-FT 

FEDERAL 

INCOME  TAX  RATE          50 

.00  t 
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COST  OF  NEW  OIL 
RESERVES  ADDED  IN  X97 
TOTAL  UNITED  STATES 


GROSS 

ADVALOREM 

ADJUSTED 

TOTAL 

6R0SS  OIL 

6R0SS  6AS 

OIL  «  GAS 

ROYALTY 

8  STATE 

OPERATING 

GROSS 

INVESTED 

IIHE 

PRODUCTION 

SALES 

EXPENSE 

TAXES 

EXPENSES 

INCOME 

CAPITAL 

THOUSArJUS 

MILLIONS 

THOUSANDS 

Thousands 

THOUSANDS 

THOUSANDS 

THOUSANDS 

THOUSANDS 

TtARS 

OF  8BLS 

OF  CU-FT 

OF   t 

OF  i 

OF   $ 

OF   J 

OF   » 

CF   s 
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COST 

FIGURE  2 

OF    AVERAGE   WELL   DRILLED 

UNITED    STATES 
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FIGURE  3 

OPERATING    COST    FOR    AVERAGE    WELL 
UNITED    STATES 

La  Rue,  Moore  S.  Schafer 
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FIGURE    4 
OIL   DISCOVERED    PER    EXPLORATORY   WELL 
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FIGURE  5 

DRILLING    RIGS    SOLD   AT   AUCTION 
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FIGURE  6 

TOTAL   WELLS    DRILLED 
(exploratory   and   DEVELOPMENT   WELLS) 
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FIGURE  7 

total  oil  wells  drilled 
(includes  allocated  dry  holes) 
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APPENDIX   A    -    I 


I.   Oil  Reserve  Statistics. 

Source:   "Reserves  of  Crude  Oil,  Natural  Gas 

Liquids,  and  Natural  Gas  in  the  United 
States  as  of  December  31,  1973",   Published 
by  the  American  Petroleum  Institute. 

A.  Reserves  and  Production  -  Concepts  and  Definitions. 

B.  Annual  Estimates  of  Proved  Crude  Oil  Reserves  in  the 
United  States,  1946  through  1973. 

C.  Changes  in  Proved  Reserves  During  1974. 

D.  Reserves  Committee  Policy  and  Membership,  Year  1973. 
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APPENDIX   A    -    I     (cont'd) 
RESERVES  AND  PRODUCTION  -  CONCEPTS  AND  DEFINITIONS 

CRUDE  OIL.  Crude  oil  is  technically  defined  as  a  mixture  of  hydrocarbons  that  exists 
in  the  liquid  phase  in  natural  underground  reservoirs  and  remains  liquid  at  atmospheric 
pressure  after  passing  through  surface  separating  facihties.  For  statistical  purposes,  volumes 
reported  as  crude  oil  include: 

1.  Liquids  technically  defined  as  crude  oil; 

2.  Small  amounts  of  hydrocarbons  that  exist  in  the  gaseous  phase  in  natural 
underground  reservoirs  but  are  liquid  at  atmospheric  pressure  after  being 
recovered  from  oil  well  (casinghead)  gas  in  lease  separators;*  and 

3.  Small  amounts  of  nonhydrocarbons  produced  with  the  oil. 

Statistical  data  pertaining  to  crude  oil  production,  reserves,  and  productive  capacity  are 
reported  as  liquid  equivalents  at  the  surface  (excluding  basic  sediment  and  water)  measured  in 
terms  of  stock  tank  barrels  of  42  U.S.  gallons  at  atmospheric  pressure,  and  corrected  to  60°F. 


*From  a  technical  standpoint,  these  liquids  are  termed  "condensate";  however,  they 
arc  commingled  with  the  crude  stream  and  it  is  not  practical  to  measure  and  report  their 
volume  separately.  All  other  liquids  recovered  from  natural  gas  (including  lease  condensate)  are 
included  in  the  natural  gas  liquid  volumes  reported  by  the  AGA  although  some  of  the  lease 
condensate  which  is  recovered  and  measured  separately  from  crude  oil  may  be  commingled 
with  crude  oil  in  pipelines  when  marketed. 

Where  a  state  regulatory  agency  specifies  a  definition  of' crude  oil  which  differs  from 
that  set  forth  above,  the  Committee,  for  statistical  purposes,  follows  the  state  definition. 

in  the  absence  of  a  definition  by  a  regulatory  authority,  reserves,  production  and 
productive  capacity  data  are  reported  on  the  basis  of  classification  made  by  the  operator. 
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APPENDIX   A    -    I     (cont'd] 


PROVED  RESERVES  OF  CRUDE  OIL.  Proved  reserves  of  crude  oil  as  of  December 

31  of  any  given  year  arc  the  estimated  quantities  of  all  liquids  statistically  defined  as  crude  oil, 
which  geological  and  engineering  data  demonstrate  with  reasonable  certainty  to  be  recoverable 
in  future  years  from  known  reservoirs  under  existing  economic  and  operating  conditions. 

Reservoirs  are  considered  proved  if  economic  producibility  is  supported  by  either 
actual  production  or  conclusive  formation  tests.  The  area  of  an  oil  reservoir  considered  proved 
includes:  (1 )  that  portion  delineated  by  drilling  and  defined  by  gas-oil  or  oil-water  contacts,  if 
any;  and  (2)  the  immediately  adjoining  portions  not  yet  drilled  but  which  can  be  reasonably 
judged  as  economically  productive  on  the  basis  of  available  geological  and  engineering  data.  In 
the  absence  of  information  on  fluid  contacts,  the  lowest  known  structural  occurrence  of 
hydrocarbons  controls  the  lower  proved  limit  of  the  reservoir. 

Reserves  of  crude  oil  which  can  be  produced  economically  through  application  of 
improved  recovery  techniques  (such  as  fluid  injection)  are  included  in  the  "proved"  classifica- 
tion when  successful  testing  by  a  pilot  project,  or  the  operation  of  an  installed  program  in  the 
reservoir,  provides  support  for  the  engineering  analysis  on  which  the  project  or  program  was 
based. 

Estimates  of  proved  crude  oil  reserves  do  not  include  the  following:  (1)  oil  that  may 
become  available  from  known  reservoirs  but  is  reported  separately  as  "indicated  additional 
reserves";  (2)  natural  gas  liquids  (including  condensate);  (3)  oil  the  recovery  of  which  is  subject 
to  reasonable  doubt  because  of  uncertainty  as  to  geology,  reservoir  characteristics,  or  econ- 
omic factors;  (4)  oil  that  may  occur  in  untested  prospects;  and  (5)  oil  that  may  be  recovered 
from  oil  shales,  coal,  gilsonite  and  other  such  sources. 

INDICATED  ADDITIONAL  RESERVES.  With  the  present  state  of  industry  tech- 
nology, certain  quantities  of  crude  oil  (other  than  those  defined  and  reported  as  proved 
reserves)  may  be  economically  recoverable  from  the  following  potential  sources: 

Known  productive  reservoirs  in  existing  fields  expected  to  respond  to 
improved  recovery  techniques  such  as  fluid  injection  where  (a)  an  improv- 
ed recovery  technique  has  been  installed  but  its  effect  cannot  yet  be  fully 
evaluated;  or  (b)  an  improved  technique  has  not  been  installed  but  know- 
ledge of  reservoir  characteristics  and  the  results  of  a  known  technique 
installed  in  a  similar  situation  are  available  for  use  in  the  estimating  pro- 
cedure. 

I. A.     (ii)  14 
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APPENDIX  A  -  I  (cont'd) 
Crude  oil  potentially  available  from  these  sources  is  reported  as  "indicated  additional 
reserves."  The  economic  recoverability  of  these  reserves  is  not  considered  to  be  established 
with  sufficient  conclusiveness  to  allow  them  to  be  included  in  proved  reserves:  however,  if  and 
when  improved  recovery  techniques  are  successfully  applied  to  known  reservoirs,  the  corre- 
sponding indicated  additional  reserves  will  be  reclassified  and  added  to  the  inventory  of  proved 
reserves.  The  "indicated  additional  reserves"  are  reported  separately  from  "proved"  reserves  to 
provide  continuity  to  the  proved  reserves'  statistical  series. 

Indicated  additional  reserves  do  not  include  reserves  associated  with  acreage  that  may 
be  added  to  the  area  of  a  proved  reservoir  as  the  result  of  future  drilling. 

DISCOVERIES.  Discoveries  reported  as  of  December  3 1  for  any  given  year  are  proved 
reserves  credited  to  new  fields  and  new  reservoirs  in  old  fields  as  the  result  of  successful  explor- 
atory drilling  and  associated  development  drillmg  during  the  current  year. 

The  reliability  of  estimates  of  the  proved  productive  area  of  new  discoveries  or 
partially  developed  reservoirs  varies  in  relation  to  the  amount  of  geological  information  avail- 
able at  the  time  the  estimate  is  prepared.  Important  factors  such  as  the  areal  extent  of  the 
structure,  the  average  thickness  of  the  producing  reservoir,  the  oil  column  within  the  reservoir, 
and  the  continuity  and  characteristics  of  the  reservoir  formation  cannot  be  determined 
accurately  unless  sufficient  subsurface  information  is  available. 

The  ultimate  size  of  newly  discovered  reservoirs,  whether  in  new  fields  or  old  fields, 
is  seldom  determined  in  the  year  of  discovery.  Therefore,  first-year  estimates  of  proved 
reserves  in  new  reservoirs  are  often  only  a  small  part  of  the  total  that  will  be  ultimately 
assigned  to  the  new  reservoirs.  It  follows  that  reserves  credited  to  discoveries  in  any  given  year 
are  usually  less  than  total  extensions  and  revisions  for  the  same  year,  since  extensions  and 
revisions  represent  adjustments  of  reserves  in  reservoirs  discovered  in  all  prior  years. 

Subcommittees  are  not  necessarily  aware  of  and  may  not  have  access  to  the  subsurface 
information  for  all  new  discoveries  at  the  time  reserve  estimates  are  prepared.  This  is  especially 
true  if  a  discovery  is  made  late  in  the  year  for  which  a  report  is  being  prepared  or  when 
competitive  situations  dictate  that  the  subsurface  information  be  held  as  proprietary.  In  such 
cases,  new  proved  reserves  are  reported  in  Table  I  as  discoveries  in  new  fields  or  new  reservoirs 
in  old  fields  for  the  year  in  which  the  discovery  becomes  known  or  when  subsurface  informa- 
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APPENDIX   A    -    I     (cont'd) 

tion  becomes  available.  In  Table  III,  these  reserves  are  assigned  to  the  year  in  which  the  field 
was  actually  discovered. 

EXTENSIONS.  The  ultimate  size  of  newly  discovered  fields,  or  newly  discovered  reser- 
voirs in  old  fields,  is  normally  determined  by  drilling  in  years  subsequent  to  discovery.  Wells 
drilled  in  subsequent  years  usually  add  to  the  proved  area  of  previously  discovered  reservoirs, 
thereby  serving  to  increase  estimates  of  proved  reserves.  The  reserves  credited  to  a  reservoir 
because  of  enlargement  of  its  proved  area  are  classified  as  "extensions." 

REVISIONS.  Both  development  drilling  and  production  history  add  to  the  basic 
geological  and  engineering  knowledge  of  a  petroleum  reservoir  and  provide  the  basis  for  more 
accurate  estimates  of  proved  reserves  in  years  following  discovery.  Changes  in  earlier  estimates, 
either  upward  or  downward,  resulting  from  new  information  (except  for  an  increase  in  proved 
acreage)  are  classified  as  "revisions."  Revisions  for  a  given  year  also  include  (1)  increases  in 
proved  reserves  associated  with  the  installation  of  improved  recovery  techniques;  and  (2)  an 
amount  which  corrects  the  effect  on  proved  reserves  of  the  difference  between  estimated  pro- 
duction for  the  previous  year  and  actual  production  for  that  year. 

PROVED  ACREAGE.  Proved  acreage  is  that  which  has  been  credited  with  proved 
reserves.  Acreage  is  credited  with  proved  reserves  if  the  presence  of  a  productive  formation  has 
been  verified  by  drilling  and  testing.  Undrilled  acreage  adjacent  to  drilled  acreage  and  certain 
other  undrilled  acreage  are  also  credited  with  proved  reserves  if  geological  and  engineering 
information  demonstrate  with  reasonable  certainty  that  the  underlying  formations  are  con- 
tinuous and  productive. 

IMPROVED  RECOVERY  TECHNIQUES.  Improved  recovery  techniques  include  all 
methods  for  supplementing  natural  reservoir  forces  and  energy,  or  otherwise  increasing  ulti- 
mate recovery  from  a  reservoir.  Such  techniques  include:  (1)  pressure  maintenance,  (2) 
cycling;  and  (3)  secondary  recovery  in  its  original  sense;  (i.e.,  fiuid  injection  applied  relatively 
late  in  the  productive  history  of  a  reservoir  for  the  purpose  of  stimulating  production  after 
recovery  by  primary  methods  of  flowing  or  artificial  lift  has  approached  an  economic  limit). 
Improved  recovery  techniques  also  include  thermal  methods  and  the  use  of  miscible  displace- 
ment fiuids. 

Reserves   resulting   from    the   application   of  any   of  the  methods  listed  above  are 
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APPENDIX   A   -    I     (cont'd) 
COMMITTEE  ORGANIZATION  AND  POLICIES 


Each  member  of  the  committee  (except  the  Secretary)  appoints  one  or  more  subcom- 
mittees for  the  purpose  of  preparing  reserves  and  productive  capacity  estimates  for  his  area  of 
responsibihty.  These  Subcommittees,  which  are  responsible  for  determining  annual  reserves 
and  productive  capacity  estimates,  are  composed  of  geologists  and  engineers  who  (1)  represent 
various  segments  of  the  producing  industry  having  prominent  ownership  holdings  in  the  Sub- 
committee's assigned  area;  (2)  have  broad  experience  in  the  estimation  of  reserves  and  produc- 
tive capacity;  and  (3)  have  an  intimate  knowledge  of  the  areas  and  the  more  significant  sized 
fields  assigned  to  them.  The  Subcommittees  are  expected  to  make  multiple  assignments  of 
selected  fields  to  their  members  where  it  will  beneficially  contribute  to  the  quality  of  reserve 
and  productive  capacity  estimates  and  promote  the  exchange  of  expert  views  important  thereto. 

Members  of  the  API  Committee  on  Reserves  and  Productive  Capacity,  subcommittee 
chairmen,  and  members  of  the  subcommittees  are  listed  on  pages  8  and  9.  Areas  of  respon- 
sibilities, and  subdivisions  of  California,  Louisiana,  New  Mexico,  and  Texas  used  in  reporting 
reserves  data  are  shown  on  Maps  I  -  V. 

The  Committee  on  Reserves  and  Productive  Capacity  operates  under  the  API  policy  on 
petroleum  statistics  which  includes  the  following: 

"Statistical  information  is  published  under  Institute  sponsorship  in  the 
maximum  degree  of  detail  consistent  with  the  safeguarding  of  proprietary 
information  of  individual  companies,  while  mindful  of  the  cost  and  utility 
of  the  data  involved.  The  Institute's  statistics  are  confined  to  current  and 
historical  data.  The  Institute  does  not  participate  in  the  publication  of 
forecasts  of  future  demand  for  petroleum  or  its  products,  nor  of  estimates 
of  crude  oil,  natural  gas,  or  natural  gas  liquids  recoveries  that  are  specu- 
lative in  nature  or  that  rely  upon  conjecture  regarding  future  physical  or 
economic  conditions." 
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To  assure  continued  cooperation  of  its  subcommittee  members  who  exercise  complete 
integrity  and  a  high  degree  of  professional  judgment  in  the  performance  of  their  assignments, 
the  committee  adheres  to  the  firm  policy  of  maintaining  strict  confidence  with  respect  to 
basic  data  and  estimates  of  reserves  and  productive  capacity  for  individual  fields.  No  member 
of  the  committee  or  its  subcommittees  is  authorized  to  make  available  to  anyone  outside  the 
committee  organization  any  information  beyond  that  which  is  published  in  this  report. 
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COMMITTEE  ON  RESERVES  AND  PRODUCTIVE  CAPACITY 
MEMBERS 
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II.   Industrywide  Cost  Statistics. 

Source:   Joint  Association  Survey  of  the  U.  S. 

Oil  and  Gas  Producing  Industry,  £>ublished 
by  the  American  Petroleum  Institute. 

A.  Summary  of  Findings,  Section  I.   Drilling  Costs, 
Year  1973,  Instructions  and  Definitions  for  JAS 
Section  I. 

B.  Estimated  Expenditures  for  Exploration,  Development 
and  Production  of  Oil  and  Gas  in  the  United  States. 
Instructions  and  Definitions  for  JAS  Section  II. 
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JOINT  ASSOCIATION  SURVEY  -  1973 
SECTION  I:    DRILLING  COSTS 


SUMMARY  OF  FINDINGS.     Findings  pertaining  to  1973  drilling  costs  and  activity  in  the 
United  States  may  be  summarized  as  follows: 

•  The  total  cost  of  drilling  and  equipping  oil  and  gas  wells  and  dry  holes  in  1973  amounted  to 
approximately  $3,075  million,  an  increase  of  9.3  percent  over  1972. 

•  The  average  depth  of  oil  wells  completed  in  1973  was  4,602,  an  increase  of  2.2  per  cent;  the 
average  cost  per  foot  in  1 973  was  $22.54,  an  increase  of  8.5  per  cent  over  the  previous  year. 

•  The  average  depth  of  gas  wells  in  1973  was  5,654  feet,  a  decrease  of  0.4  per  cent  from  1972; 
the  average  cost  per  foot  was  $27.46  compared  to  $27.78  in  1972. 

•  The  average  depth  of  dry  holes  drilled  in  1973  was  5,504  feet,  an  increase  of  0.2  per  cent;  the 
average  cost  per  foot  was  $19.22,  an  increase  of  1 1 .2  per  cent  over  1972. 

•  The  total  number  of  wells  drilled  in  1973  decreased  0.8  per  cent,  and  the  total  footage 
increased  0.8  per  cent. 

•  The  total  cost  of  offshore  wells  completed  in  1973  amounted  to  over  $578  million,  a  decrease 
of  8.6  per  cent  over  1972.  The  total  number  of  offshore  wells  decreased  10.6  per  cent  and  the 
average  depth  of  offshore  wells  decreased  6.6  per  cent.  The  average  cost  per  foot  was  $69.23 
in  1 973,  an  increase  of  9.5  per  cent. 

•  The  comparison  of  drilling  activity  and  the  cost  of  various  types  of  wells  completed  in  1972 
and  1973  is  as  follows: 

Oil  Wells  Gas  Wells 


1972 

1973 

Wells  Drilled 

10,753 

9,705 

Footage  Drilled  (000) 

48,400 

44,667 

Total  Cost  (millions)* 

$1,005 

$1,007 

Average  Depth  (feet) 

4,501 

4,602 

Average  Cost  Per  Well* 

$93,506 

$103,758 

Average  Cost  Per  Foot* 

$20.77 

$22.54 

Dry  Holes 

1972 

1973 

Wells  Drilled 

10,604 

10,112 

Footage  Drilled  (000) 

58,251 

55,657 

Total  Cost  (millions)* 

$1,006 

$1,070 

Average  Depth  (feet) 

5,493 

5,504 

Average  Cost  Per  Well* 

$94,899 

$105,778 

Average  Cost  Per  Foot* 

$17.28 

$19.22 

1972 

1973 

5,086 

6,427 

28,885 

36,337 

$802 

$998 

5,679 

5,654 

$157,764 

$155,272 

$27.78 

$27.46 

Total  Wells 

1972  1973 

26,443  26,244 

135.536  136,661 

$2,814  $3,075 

5,126  5,207 

$106,424  5117,152 

$20.76  $22.50 


•Includes  all  costs  incurred  for  drilling  and  equipping  wells  through  the  "Christmas  tree." 
NOTF.:   Totals  may  not  agree  with  the  sum  of  the  individual  items  because  of  independe 
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APPENDIX  B,  P.  1 
INSTRUCTIONS  AND  DEFINITIONS  FOR  JAS-SECTION  I 


1.  If  a  well  shown  on  the  computer  listing  was  completed  by  you  as  operator  in  the  survey  year 
(whether  actually  drilled  by  you  or  drilled  for  you  by  a  contractor),  you  only  need  to  insert 
the  total  cost  of  the  well  as  defined  in  Section  14  below. 

2.  Wells  shown  on  the  computer  listing  not  actually  completed  by  you  during  the  calendar  survey 
year  should  be  deleted  from  the  computer  list. 

3.  If  as  operator,  you  completed  wells  in  the  calendar  survey  year  not  shown  on  the  computer 
listing,  such  wells  should  be  reported  on  the  enclosed  blank  forms. 

4.  WELLS  TO  BE  REPORTED.  Report  each  domestic  well  completed  by  you  as  operator  in  the 
survey  year  (whether  actually  drilled  by  you  or  drilled  for  you  by  contractors).  Report  each 
well  completed  by  you  as  operator  regardless  of  the  size  of  your  working  interest  in  the  well. 
Do  no;  report  wells  drilled  by  others  in  which  you  may  have  had  only  part  of  a  working 
interest  regardless  of  the  size  of  such  interest.  Do  not  report  wells  started  in  the  survey  year  or 
in  prior  years,  but  not  completed  as  of  December  31  of  the  survey  year.  Do  not  report  wells 
reentered  for  completion  at  shallower  depths,  old  wells  drilled  deeper,  redrilled  wells,  old  wells 
worked  over,  stratigraphic  tests,  core  tests,  or  service  wells  (including  input  wells). 

5.  SHORE.  Enter  "OFF"  if  well  is  located  offshore:  enter  "ON"  if  it  is  onshore.  An  offshore  well 
is  one  which  is  bottomed  at,  or  produces  from,  a  point  which  lies  seaward  of  the  coastline.  If  a 
state  agency  uses  a  different  basis  for  classifying  onshore  and  offshore  wells,  the  state 
classification  should  be  used.  In  general,  the  term  "coastline"  means  the  line  of  ordinary  low 
water  along  that  portion  of  the  coast  which  is  in  direct  contact  with  the  open  sea  or  the  line 
marking  the  seaward  limit  of  inland  waters.  For  purposes  of  the  JAS,  Cook  Inlet  (Alaska)  is 
classified  as  "offshore." 

6.  OP  CODE.  Make  no  entry.  The  API  will  supply  the  operator  code. 

7.  WELL  IDENTIFICATION  NUMBER.  Enter  the  state  designated  API  number  if  it  is  available. 

Where  states  do  not  assign  API  Well  Numbers,  or  if  you  do  not  know  the  number,  leave  this 
item  blank. 

8.  TYPE.  Insert  the  classification  for  each  well  reported  as  either  an  exploratory  (EXPL)  or  a 
development  (DEV)  well.  Exploratory  wells  include  new-field  wildcats,  new-pool  wildcats, 
deeper-pool  tests,  shallower-pool  tests,  and  outposts  (extensions).  Development  wells  include 
all  wells  drilled  to  produce  oil  or  gas  from  pools  discovered  by  previous  drilling.  If  your  system 
of  classification  differs  from  that  used  by  the  API-AAPG.  you  may  report  wells  on  the  basis  of 
classification  refiected  in  your  accounts. 

Subclassify  all  wells  as  either  (1)  oil  wells,  (2)  gas  wells,  or  (3)  dry  holes,  e.g.  "EXPL-OIL," 
"DEV-GAS,"  etc.  An  oil  well  is  one  which  can  produce  hydrocarbons  existing  in  the  reservoir 
in  liquid  form.  A  gas  well  is  one  which  can  produce  hydrocarbons  existing  initially  in  a  gaseous 
phase  in  the  reservoir.  So-called  gas  condensate  wells  should  be  reported  as  gas  wells.  The  state 
regulatory  classification  should  be  used,  if  available;  if  not  available,  use  a  classification  by 
company  engineers. 
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P.  2 


Count  multiple  completions  as  one  well.  Report  a  multiple  completion  well  as  an  oil  well  if  oil 
is  produced  from  at  least  one  of  several  zones,  even  though  gas  and  gas  condensate  may  be 
produced  from  one  or  more  zones  in  the  same  well.  Report  a  multiple  completion  well  as  a  gas 
well  if  oil  is  not  produced  from  any  of  the  several  zones. 

9.  OIL  ZONES,  GAS  ZONES.  Enter  the  total  number  of  oil  zones  and  gas  zones  in  the 
appropriate  space.  For  a  dry  hole  enter  the  word  "DRY." 

10.  DEPTH.  Report  for  each  well  the  total  feet  of  penetration  measured  down  the  well  bore. 
Include  all  plugged  back  footage,  but  exclude  bypassed  footage  resulting  from  remedial 
sidetrack  drilling  operations. 

1 1 .  COMPLETION  DATE.   Enter  month  and  year  of  completion. 

1 2.  SECTION,  TWP,  RANGE.   Enter  location  data  if  appropriate  for  area. 

13.  LOCATION.  Enter  other  available  infonnation  that  would  be  helpful  in  identifying  well 
location. 

14.  TOTAL  COST.  Report  the  total  cost  (tangible  and  intangible)  of  each  well  completed  by  you 
as  operator  in  the  survey  year  (whether  actually  drilled  by  you  or  drilled  for  you  by 
contractors).  The  total  of  such  costs  should  be  reported  even  though  you  as  operator  had  only 
a  part  of  a  working  interest  in  the  well.  Do  not  report  the  cost  of  wells  drilled  by  others  in 
which  you  had  a  working  interest  regardless  of  the  size  of  such  interest.  The  costs  to  be 
reported  are  those  associated  with  wells  which  were  completed  during  the  survey  year  and  the 
dollar  amount  to  be  reported  is  the  accumulated  cost  of  such  wells  from  the  time  locations 
were  made  until  the  wells  were  completed  as  productive  wells  or  abandoned  after  drilling  was 
terminated  because  they  were  non-productive. 

In  general,  the  elements  contributing  to  reported  cost  are  the  expenditures  for  drilling  dry 
holes  and  productive  wells  and  equipping  new  productive  wells  through  the  Christmas  tree 
installation.  More  specifically,  these  cost  elements  are  the  costs  of  labor,  materials,  supplies, 
water,  fuels,  power,  and  direct  overhead  (i.e.,  field,  district,  and  regional),  for  such  operations 
•  as  site  preparation,  road  building,  erecting  and  dismantling  derricks  and  drilling  rigs,  drilling 
hole,  running  and  cementing  casing,  hauling  materials,  etc.  Include  the  total  cost  of  water,  if 
purchased,  or  cost  of  water  well,  if  drilled  and  chargeable  to  oil  or  gas  well  drilling  operations. 
Weil  costs  also  include  machinery  and  tool  charges  and  rentals,  and  depreciation  charges,  where 
appropriate,  for  rigs  and  other  equipment  and  facilities  which  will  be  used  in  drilling  more  than 
one  well.  Deduct  the  condition  value  of  materials  salvaged  after  use  where  appropriate. 

Do  not  report  the  cost  of  lease  equipment  such  as  artificial  lift  equipment  and  downhole  lift 
equipment,  flow  lines,  flow  tanks,  separators,  etc.,  that  are  required  for  production.  Do  not 
reduce  reported  costs  by  test  well,  bottom  hole,  or  dry  hole  contributions. 

For  offshore  wells,  include  costs  of  fixed  platforms  and  islands.  Where  facilities  serve  more 
than  one  well,  the  costs  should  be  allocated  to  each  well  on  the  basis  of  the  operator's  best 
current  estimate  of  the  ultimate  number  of  wells  that  will  use  the  facility.  Also,  include  cost 
expirations  (depreciation  or  amortization)  for  company-owned  mobile  platforms,  barges,  and 
tenders. 


II. A.     (iii) 
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ESTIMATED  EXPENDITURES  FOR  EXPLORATION,  DEVELOPMENT,  AND  PRODUCTION 

OF  OIL  AND  GAS  IN  THE  UNITED  STATES,  1969-1973* 

(Millions  of  Dollars) 


1.  Exploration: 

a.  Drilling  and  Equipping  Exploratory  Wells 

b.  Acquiring  Undeveloped  Acreage 

c.  Lease  Rentals  and  Exp.  for  Carrying  Leases 

d.  Geological  and  Geophysical 

-^    Contributions  Toward  Test  Wells 

f.  Land  Dept.,  Leasing,  and  Scouting 

g.  Other  incl.  Direct  Overhead 

h.  G  &  A  Overhead  Allocated  to  Exploration 
1.    Total  Exploration 


$  944 

$  815 

$  775 

$  910 

$1,021 

1,137 

714 

642 

1,722 

3,646 

134 

138 

143 

142 

155 

387 

349 

361 

372 

429 

33 

30 

24 

35 

38 

93 

98 

100 

105 

102 

168 

143 

142 

147 

181 

210 

189 

206 

239 

293 

3,106 

2,476 

2,393 

3,672 

5,865 

Development: 

a.  Drilhng  and  Equipping  Development  Wells 

b.  Lease  Equipment 

c.  Improved  Recovery  Programs 

d.  Other  incl.  Direct  Overhead 

e.  G  &  A  Overhead  Allocated  to  Development 

f.  Total  Development 


1,634 

1,733 

1,573 

1,869 

2,016 

442 

443 

388 

497 

524 

303 

285 

323 

310 

276 

180 

170 

185 

160 

189 

207 
2,766 

220 
2,851 

202 
2,671 

257 
3,093 

250 
3,255 

3.  Production: 

a.  Production  Expenditures  incl.  Direct  Overhead 

b.  Production  or  Severance  Taxes 

c.  Ad  Valorem  Taxes 

d.  G  &  A  Overhead  Allocated  to  Production 

e.  Total  Production 


525 

271 

369 

3,354 


1,379  2,504  2,563  2,792 

563  587  613  683 

294  295  269  275 

416  465  467  485 


3,851 


3,912 


4,235 


TOTAL  EXPENDITURES 


$8,915       $10,677       $13,355 


•Exclusive  of  federal,  state,  and  local  income  taxes;  payn 
as  a  return  on  investment. 


ntsforthe  retirement  of  debt;  and  payments  to  owners 
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JOINT  ASSOCUTION  SURVEY-SECTION  II 

NOTES  AND  INSTRUCTIONS 


GENERAL: 

Section  II  of  the  Survey  supplements  Ihe  informalion  in 
Section  I.  It  includes  not  only  expenditures  for  drilling  und 
equipping  wells,  hut  also  all  other  expenditures  incident  to 
finding.  developmE.  and  producing  oil  and  gas  in  the  United 
Stltcs.  It  should  be  noted,  however,  that  all  net  working 
interest  expenditures  should  be  reported,  whether  for 
operated  or  non-operated  properties  l.xpenditures  should  he 
reported  only  by  those  directly  engaged  in  drilling  and  pro- 
ducing operations  Do  not  report  expenditures  or  revenues 
tpplicable  to  gas  processing  plants  or  gas  systems. 


The  revenues  included  in  this  Section  include  primarily 
the  receipts  (after  royalty  payments,  production  payment  dis- 
bursements, and  net  profits  disbursements)  of  producers 
from  their  net  company  interest  in  oil  and  gas  production 
recorded  in  the  books  of  account  m  the  calendar  year  Also 
included  are  certain  non-operating  revenues  from  other 
sources,  such  as  from  royalty  interests,  net  profit  interest 
receipts,  production  payment  receipts,  etc..  owned  in  pro- 
ductive propcriies.  On  the  other  hand,  receipts  of  royalty 
owners  not  directly  engaged  in  drilling  and  production  are 
excluded  from  reported  revenues. 

In  order  that  Ihe  information  gathered  shall  be  on  a 
comparable  basis,  each  reporting  company  is  requested  to 
report  its  total  net  working  interest  expenditures  as  outlined 
below.  Report  only  the  expenditures  recorded  on  the  books 
of  account  (whether  actually  paid  or  accrued)  in  each 
category  dunng  the  calendar  year  1^7  3  Report  all  such 
relevant  expenditures,  whether  incurred  for  current  expenses 
or  on  capital  account.  Include  in  overhead  items  only  those 
resulting  from  cash  expenditures  during  the  year  Exclude 
non-cash  items  such  as  depletion,  depreciation,  and 
imortizalion.  etc..  except  that  in  General  and  Administrative 
Overhead,  Item  B-4,  depreciation  may  be  charged  for  oflice 
buildings,  etc  (where  the  total  cash  expenditure  for  such 
faalities  are  not  reported  elsewhere). 


Definitions 


Casinghead   gas" 
1  herein   applies  to  j 


■percentage"  type  con- 
tracts as  used  herein  applies  to  an  arrangement  whereby  the 
lease  owner  sells  raw  gas  (measured  in  MCF)  to  a  gas  pro- 
cessing plant.  The  amount  received  by  the  lease  owner  under 
this  type  of  contract  is  usually  based  on  a  percentage  of  the 
value  of  the  residue  gas  sold  plus  an  additional  amount  for 
Ihe  value  of  the  additional  product  (including  sulfur)  content 
of  the  gas. 

A  "processing"  type  contract  as  used  herein  is  an  arrange- 
ment whereby  the  lease  owner  furnishes  gas  to  a  plant  for 
processing,  retaining  title  to  the  residue  gas  remaining  after 
processing  The  processing  is  performed  for  a  fee  or  a  settle- 
ment solely  out  of  the  products  extracted  with  the  lease 
owner  receiving  the  remainder  of  the  product  (including 
sulfur)  proceeds. 

The  following  detailed  instructions  are  numbered  to  cor- 
respond  with   the   Item   numbers  on  the  questionnaire  form 

A.     PRODUCTION  AND  REVENUE-UNITED 
STATES  OIL  AND  GAS  OPERATIONS 

A-V.  Crude  Oil  and  Lease  Condensate 

Report  the  net  company  workmg  interest  m  crude  oil  and 
lease  condensate  produced.  The  volume  should  be  the  net 
company  working  interest  in  liquids  produced  from  all  wells 
in  which  III  or  part  of  the  working  interest  is  owned, 
including  unitized  projects.  The  volume  reported  should  not 
include  liquid  products  derived  from  gas  processed  under 
casinchead  or  percentage  type  contracts,  from  cycling  opcra- 
lioiu  ind/or  under  processing  type  contracts. 


The  value  reported  should  be  the  amount  of 
credited  to  the  lease  (after  royalty  payments,  production 
payment  disbursements,  and  net  profit  disbursements).  Do  not 
include  the  lease  sales  value  of  liquid  products  derived  from 
gas  processed  under  a  casinghead  or  percentage  type  contract, 
which  IS  to  be  reported  in  Item  A-2.  or  from  cycling 
operations  and/or  under  processing  type  contracts  which  is  to 
be  reported  under  \-2  or  A-3  depending  on  the  basis  recorded 
in  company  accounts  Do  not  deduct  production  or  severance 
taxes  since  these  should  be  reported  as  expenditures  in  Item 
B-3-b, 


A-2,  Natural  Gas  Sales 

Vdlume 

Report  the  volume  of  net  company  working  interest  in 
gas  produced  from  oil  and  gas  wells,  and  subsequently  sold, 
including 

(I)  The  volume  of  gas  delivered  to  respondent's  own 
gas  processing  plants  or  gas  systems.  For  cycling  opera- 
tions and/or  under  processing  type  contracts,  if  the  sale 
of  residue  gas  and  liquid  products  is  recorded  on  a 
separate  basis,  report  only  the  leases'  share  of  the  net 
company  working  interest  in  residue  gas  sold  by  the 
plant.  It  recorded  on  a  raw  gas  basis,  as  under  a 
casinghead  contract,  report  Ihe  net  working  interest  taw 
gas  volume. 

1 2)  The    volume   of  gas  used    in  drdling  or  producing 

value  of  such  gas  is  credited    to  lease 

charge  to  lease  operations. 


operations.   ••    mv    >tf.u%.   v/> 
revenue  with   a  correspond 

Exclude  the  following. 


(I)  The  volume  of  residue  gas  sold  (or  returned  for 
lease  operations)  where  such  residue  gas  (or  proceeds 
therefrom)  represents  all  or  part  of  the  consideration 
received  from  the  sale  of  casinghead  gas,  as  under  a 
casinghead  or  percentage  type  gas  contract,  (The  inclusion 
of  residue  gas  volume  would  amount  to  duplication,  since 
residue  volume  i%  included  in  the  volume  of  raw  gas  sold 
to  the  gas  processing  plant.) 


urned 


the    prodc 


The  volumes  reported  should  be  at  the  pressure  base 
reflected  in  the  accounts  of  the  reporting  producers,  and 
such  volumes  need-not  be  adjusted  to  any  uniform  pres>ure 
base,  such  as  14,65  psi.  However,  please  record  the  pressure 
base  used  in  the  space  provided. 

Value 

The  value  of  net  company  working  interest  in  gas 
produced  from  oil  and  gas  wells  and  credited  to  lease 
revenues  should  include: 

(1)  Revenue  received  from  sale  of  gas.  This  value 
should  include  (a)  Ihe  revenue  derived  from  the  sale  of 
liquids  and  residue  gas  extracted  from  gas  processed  under 
casinghead  or  percentage  type  contracts,  and  (b)  the 
revenue  received  from  the  sale  of  residue  gas  from  cycling 
operations  or  under  processing  type  contracts  if  so 
recorded  in  company  accounts.  If  recorded  on  a  raw  gas 
basis,  report  the  revenue  from  both  residue  gas  and 
liquids. 

(2)  The  value  of  gas  delivered  to  respondent's  own  gas 
processing  plants  or  gas  systems  which  is  credited  to  Ihe 
lease. 


II. 


(ii) 
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to  lease  revenue  wilh 


A-3.  Leases'  Share  of  Liquids  Recovered  from 
Cycling  Operations  and/or  under  Processing 
Type  Contracts 

Report  the  leases'  share  of  the  net  company  working 
interest  in  the  volume  and  value  of  liquids  recovered  from 
cycWng  operations  and/or  under  processing  type  contracts,  if 
recorded  separately  on  company  records  If  not  separated, 
report  the  volume  and  value  of  the  leases'  share  of  liquids 
lold  from  such  operations  (on  a  raw  gas  basis)  under  Item 
A-2. 

A-4.  Oil  and  Gas  Royalty  Revenue 

Report  oil  and  gas  revenue  from  royalties  owned  plus 
revenue  from  oil  payment  uiterests  received,  net  profit 
interests  received,  etc. 

A-S.  Other  Lease  Revenues  froin  Producing 
Operations 

Report  any  other  lease  revenues  strictly  incidental  to  oU 
and  gas  operations,  such  as  equipment  rentals,  receipts  from 
services  performed  for  others,  sales  of  water  or  sleam.  etc. 
Do  not  include  revenue  attributable  to  operations  of  gas 
processing  plants  or  gas  systems,  or  receipts  from  sale  of 
assets,  producing  properties,  etc.  Do  not  include  revenue 
applicable    to    mined    sulfur,    oil    shale,    uranium,    or   other 

B.      EXPLOR.\TION,  DEVELOPMENT,  AND  PRO- 
DUCTION EXPENDITURES  FOR  UNITED 
STATES  OIL  AND  CAS  OPERATIONS 
(Whether  Capitalized  or  Expensed) 

In    this    section,    the    classification    of   exploratory    and 
development     well    expenditures    should     be    based    on 
AAPG  well  classifications  as  used  in  Section  1.  as  follows: 


the 


(2)  Development  wells  which  are  those  wells  drilled  to 
produce  oil  or  gas  from  pools  discovered  by  previous 
drilling. 

Report  only  expenditures  for  the  company's  net  working 
interest,  whether  for  company  operated  or  non-operated 
properties  Report  expenditures  for  dry  holes  as  exploratory 
or  development  (under  B-l-a  or  B-2-a)  in  accordance  with 
the  above  classification.  Becjuse  service  wells  do  not  fall 
necessarily  within  any  one  category  of  expenditures,  see 
definitions  below  (B-:<  and  B-:-d)  for  treatment  of 
expenditures  for  service  wells. 

ent  to  mined  sulfur,  oil  shale. 


Exclude  expenditu 


B-la.     Expenditures  for  Drilling  and  Equipping 

Exploratory  Wells  (Including  Platform  Costs) 

Report  all  expenditures  (reduced  by  the  amount  of 
outside  cash  contributions  such  as  bottom  hole  or  dry  hole) 
for  drilling  exploratory  wells  including  successful  wells 
completed,  dry  holes,  and  wells  still  drilling  at  end  of  the 
*Penditurcs  for  casing,  tubing,  and 
>ciated  with  exploratory  wells,  (b) 
•pcnuiiurcs  lor  roios.  grading,  etc.:  (cl  expenditures  for 
nlling  platforms,  and  all  other  expenditures  incident  to 
xploratory  drilling.  Reduce  cost  of  explomlory  dry  holes  by 
ible     of     reuse.     Exclude     all 


expenditures  for  equipment  beyond  tht  Christmas  tree  and 
expenditures  for  all  downhole  pumping  and  artificial  lift 
equipment  whjch  should  be  reported  m  B-2-b. 

B-l-b.    Expenditures  for  Acquiring  Undeveloped 
Acreage 

Report     expenditures     incurred     during     the     year     for 
•cquinng     undeveloped     acreage     inclut 
advance     initial     rentals     which'  b< 
circumstances  are  actually  in  the  nature 


tlays 


she 


rentals  and  other  lease-jarrying  t  tpenditi 
reported  under  Item  B-l<. 

B-l-c.    Lease  Rentals  and  Other  Expenditures  for 
Carrying  Leases 


Report 

expenditi 

jres    made 

dur 

ing     the 

year    for    lease 

rentals   and 

other  e 

xpenditures 

for 

leases,  such   as 

jal 

payment; 

i       Omit      land 

department 

leasing. 

and  scouting  ex 

penditure 

s,  which  should 

be  reported' 

under  It 

em  B-l-f. 

B-I-d.    Geological  and  Geophysical  Expenditures 

Report  all  expenditures  for  geological  and  geophysical 
exploration.  Include  expenditures  for  capital  equipment 
identifiable  with  C  .St  G  and  for  core  drilling  (such  as  some 
types  of  slim  hole  straiigraphic  tests)  where  the  intention  in 
advance  of  drilling  is  not  to  complete  the  well  as  a 
producing  well,  and/or  when  such  tests  are  drilled  m  such  a 
manner  that  productive  completion  is  not  possible. 

B-I-e.    Contributions  Toward  Test  Wells 

Report  all  contributions  to\ 
hole  money,  bottom  hole  moi 
cost  of  acreage  conlributioru. 

B-l-f.     Land  Department,  Leasing,  and  Scouting 

Expenditures 


Report 

all      land      department,      scouting,     and     lease 

acquisition 

expenditures    except     the     actual     outlays     for 

purchase    or 

land    leasing    reported    under    Items    B-l-b   and 

B-l<  above. 

1-1 -g.    Other  Exploration  Expenditures  (Including 
Direct  Overhead) 

Report  all  expenditures  not  listed  above,  which  relate  to 
Kptoration  for  oil  and  gas.  whether  such  expenditures  are 
ipitalizcd  or  expensed  on  the  books  of  account.  Include 
Kpenditures  for  exploratory  capital  equipment  constructed 
r  purchased,  not  included  in  B-l-a  through  B-l-f  above, 
iclude  direct  overhead,  especially  at  district  and  field  levels, 
here  such  overhead  can  be  identified  with  the  exploratory 
jnction.  e.g.,  district  supervisory  salaries,  ad  valorem  taxes 
n  non-producing  leases,  and  taxes  on  buildings  and 
quipmcnt  used  for  exploratory  purposes.  Report 
xploration  overhead  costs  which  cannot  be  directly 
lentified  with  exploratory  activities  undertaken  during  the 
ear  under  Item  B-4.  Exclude  alt  exploratory  outlays  not 
aecifically  devoted  to  oil  and  gas  operations  such  as  for 
jm.  or  other  minerals. 


mined  sulfur,  oil  shale. 


ilvagc      of     equipiT 


B-2-a.     Expenditures  for  Drilling  and  Equipping 

Development  Wells  (Including  Platform  Costs) 

Report  all  expenditures  for  drilling  development  wells 
including  successful  wells  completed.  dr>  holes,  and  wells 
still  drilling  at  end  of  the  year.  Include  (j)  expenditures  for 
casing,  tubing,  and  wellhead  fittings  associated  with 
development  wells,  (b)  expenditures  for  roads,  grading,  etc.; 
(c)  expenditures  for  drilling  platforms,  and  all  other 
expenditures   incident    to    development    drilling.    Exclude   all 


II. B.     (iii) 
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expenditures  for  equipment  beyond  the  Christmas  tree  and 
all  expenditures  for  downhole  pumping  and  artificial  lift 
equipment  which  should  be  reported  under  B-2-b. 

B-2-b.    Lease  Equipment  Expenditures 

Report     all     lease    equipi 
Christmas  tree   installation, 
field    separators,   heater-treaters.    and 
Include    expenditures    for    alt    norm^ 
artificial    lift    equipment,    including 
required  for  primary  production. 


B-2-C.  Expenditures  for  Fluid  Injection  and 
Improved  Recovery  Programs 


jas  injec 

producli 
all    facili 


Rcpori 


nproved  recovery  programs  include 
ion,  steam  injection,  misoblc  phase, 
c  .     associated     with     oil     and    gas 


existing  wells  lo  service  wells,  associated  with  such  programs 
Facilities  should  include  pumps,  compressors,  engines, 
tankage,  gathering  and  injection  lines,  treating  facilities, 
special  downhole  and  surface  equipment,  etc  Service  wells 
include  wells  used  for  gas  injection,  water  injection,  steam 
injection,  air  injection,  and  water  supply  for  injection.  Do 
not  include  expenditures  lor  observation  wells,  salt  water 
disposal  wells  water  supply  wells,  or  other  wells  required  for 
primary  production  operations  which  should  be  reported 
under  Item  B-^-d 

B-2-d.    Other  Development  Expenditures 
(Including  Direct  Overhead) 

Report  all  other  development  expenditures,  including  such 
Kerns  as  access  facilities  to  district  installations  (as  opposed 
to  individual  wells)  such  as  roads,  bridges,  canals,  and  other 
improvements:  camp  and  disliid  lacililics.  fuel  gas  systems, 
observation  wells,  sjit  water  disposal  wells  and  water  supply 
wells  other  than  reported  under  B-2-c.  directly  assignable 
overhead  expenditures,  and  expenditures  for  capital 
equipment  used  for  development  not  otherwise  accounted 
for.  Exclude  expenditures  for  equipment  and  buildings  used 
by  personnel  engaged  in  general  producing  and  administrative 
activities  as  distinguished  from  development  operations 

Report  overhead  expenditures  which  cannot  be  directly 
Identified  with  development  activities  during  the  year  under 
Item  B-4  Also  exclude  expenditures  for  development  not 
specifically  devoted  to  oil  jiid  gjs  operations,  such  as  for 
mined  sulfur,  oil  shale,  uranium,  or  other  minerals. 

B-3-a.     Production  Expenditures 

(Including  Direct  Overhead) 

Report  lifting  expenditures  and  all  other  expenditures 
which  are  directly  applicable  to  the  production  of  oil  and 
gas.  as  distinguished  from  exploratory  and  development 
activities.  Include  expenditures  for  labor,  supervision  in  the 
field,  repair  and  maintcnjnce  including  workovers. 
production  platforms,  fuel,  power  and  water,  small  tools  and 
supplies,  cost  of  treating  oil.  teaming  and  trucking, 
insurance,  taxes  (not  including  production  and  ad  valorem 
lues,  and  federal  and  stale  income  taxes),  bailing  shooting, 
fracturing,  and  acidiring,  when  not  part  of  original 
completion  work,  abandonuKnls,  and  expenditures  lor  main- 
taining field  offices  Include  direct  overhead,  especially  at 
distnct  and  field  levels,  where  such  overhead  can  be  directly 
identified  with  the  production  function.  Do  not  include 
expenditures  applicable  lo  gas  processing  plants  or  gas  systems. 


B-3-b.    Production  or  Severance  Taxes 

Report  here  the  total  payments  for  productio 
severance  taxes  to  state  and  local  governments  D< 
reduce  the  value  of  crude  oil  and  natural  gas  produced  i 
wellhead  by  such  amounts 


B-3<     Ad  Valorem  Taxes 

Report  expenditures  for  ad  valorem  taxes  on  producing 
properties  or  equipment  thereon  buildings,  lease  or  field 
facilities,  and  other  properly  used  in  production 
operations  Exclude  ad  valorem  (axes  on  undeveloped 
properties  and  property  taxes  on  buildings  and  equipment 
used  for  exploratory  purposes  which  should  be  included  in 
Item  Big.  ad  valorem  taxes  on  office  buildings  or  other 
facilities  used  for  general  and  administrative  purposes,  which 
should  be  included  under  Item  B-4  to  the  extent  that  they 
are  applicable  to  the  operations  covered  by  this  report 


B-4        General  and  Administrative  Overhead 
Not  Reported  Elsewhere 


ng     and      administrative 

which   are   applicable   to 

production      activities. 


Report  all  general  ope 
expenditures  above  the  field  lev< 
exploration,  development,  j 
excluding  only  those  items  which  have  been  directly 
classified  under  Items  B-l-g  B-T-d  and  B-.'-a  Include  salaries 
and  office  expenditures  and  depreciation  charges  (or  office 
buildings  etc  (Note  Including  such  depreciation  is  in 
accordance  with  the  instructions  as  set  lorth  under  General 
Notes  for  reporting  expenditures  1  If  engaged  in  activities 
other  than  the  production  of  oil  and  gas.  include  under  this 
heading  only  that  portion  of  general  and  administrative 
expenditures  allocable  to  the  oil  and  gas  exploration  and 
production  departments  Do  not  include  interest  on 
investment  or  state  and  federal  income  taxes. 

General  and  administrative  overhead  reported  in  total 
under  Item  B-4-e  may  be  distributed  to  exploration  (B-4<al. 
development  (B-4-b)  and  production  (B-4-c).  in  accordance 
with  company  practice  If  allocations  are  customarily  made 
between  exploration  and  production  functions,  but  not 
between  development  and  production,  the  total  of 
development  and  production  may  be  entered  under  B-4.d  If 
allocations  are  not  customarily  made,  such  allocations  are 
optional. 


B-6.       Expenditures  for  Drilling  and  Production 
Platforms  (Memorandum  Only) 


ocated 


Report  total  expenditures  during  the  year  for  dn 
production  platforms,  whether  such  platforms  wen 
on    inland    waters    or    olfshore     Platform    expenditures   were 

expenditures  among  currently  completed  wells  In  Section  II 
drilling  plattorni  expenditures  should  he  included  in 
expenditures  for  drilling  and  equipping  exploratory-  and 
development  wells  under  Items  B-la  and  B-:-a  txpenJituies 
for  production  platforms  should  be  included  under  Item 
B-3-a.  However,  expenditures  for  drilling  platlorms  and 
production  platforms  also  should  be  reported  under  Items 
B-6-a  and  B-6-b  for  memorandum  purposes 
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III.   Drilling  Statistics  for  the  United  States,  Year  1974. 

Source :   Quarterly  Review  of  Drilling 

Statistics  for  the  United  States, 
published  by  the  American  Petro- 
leum Institute,  Vol.  VIII,  No.  4, 
April  1975 

A.  Total  Wells  Drilled  in  the  United  States,  Year 
1974. 

B.  Total  Exploratory  Wells  Drilled  in  the  United  States, 
Year  1974. 

C.  Development  Wells  Drilled  in  the  United  States,  Year 
1974. 

D.  Source  Agencies  fi?r  Drilling  Statistics. 
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APPENDIX   A    -    III     (cont'd) 

Table  I 

TOTAL  WELLS  DRILLED  IN  THE  UNITED  STATES' 

1974 


Slale  or  District 


.880 


Alaska  -  Total 


196.894 


67,288 


Arkansas 

California  -  North 
California  -  Central  Coastal 
California  -  East  Central 
California  -  South 
California  -  Offshore 


16.004 
S34.4S0 
3. 959 
745.981 
.975.951 
228.788 
162.732 


30.657 
2.2S5 


S7.0S8 
963. 7SI 
720.751 
275.940 
S30.68S 
87.948 
30.384 


Californi; 


Tota 


.645.708 


Colorado 

Georgia 

Idaho 

Illinois 

Kansas 

Louisiana  -  North 
Louisiana  -  South 


New  York 
North  Carolina 
North  Dakota 


Texas  RRC  Dist.  1 
Texas  RRC  Dist.  2 
Texas  RRC  Dist.  3 
Texas  RRC  Dist.  4 
Texas  RRC  Dist.  5 
Texas  RRC  Dist.  6 
Texas  RRC  Dist.  7E 
Texas  RRC  Dist.  7C 
Texas  RRC  Dist.  8 
Texas  RRC  Dist.  8/ 
Texas  RRC  Disl.  9 
Texas  RRC  Dist.  10 
Texas  -  Offshore 


2.473.604 
239.141 
915.463 

2.315.650 


1.133.111 

269.779 

1.565.420 

2.260.796 


605.950 
587.658 
768 
272.209 
199.246 


770 
269.672 
25.709 


186,871 

340.398 
2.257.315 
5,481.703 

728,889 
9.086 
90.029 

702.113 

464.145 
1.764.712 
1.298.075 

134.659 

400.218 
1.343.016 
2.194.060 
5.465.121 
3.216.872 
1.463.849 

823.503 
8,886 


18.251 

503.419 

1,678.902 

1.253.239 

2,261.133 

144.395 

649.61  1 

754.019 

1.846.123 

1.528.784 

II  1.803 

592,837 


2.331.513 

419.593 

29.755 

8.522 

1.099.217 

339.882 

3.39S 

4.329.554 

508.336 

2.036.733 

4,917.170 


Louisiana  -  Offshore 

216 

2,027,092 

141 

1,568,413 

304 

2,690,658 

Louisiana  -  Total 

825 

5,258,205 

789 

5,394,629 

1,156 

9,644.561 

8.119 
.126.678 
.817.916 
41.786 
.498.967 
964.197 
18,020 


New  Mexico  -  East 
New  Mexico  -  West 

53 

1,351.146 
247,473 

211 
252 

1.922.110 
1,145.643 

252 
63 

1.452.126 
249.104 

New  Mexico  -  Total 

350 

1,598.619 

463 

3,067,753 

315 

1.701,230 

154,674 
43,799 

607.315 

660,942 
6.369,870 

258.514 
53.846 

106,597 

876.662 
1,859.721 
3.007.483 
1.997.941 

497.368 
1.020.835 
1.728.656 
1.118.788 
1.369.546 
1.176.382 
1,449.475 

958.738 
1.156,921 


Texas  -  Total 


19,279,229 


18,218,51 


Utah 
Virginia 
West  Virgil 
Wyoming 
Gulf  of  Me 

Total  -  19 


1,181,851 


95.686 
266.809 
,669.358 


:  include  miscellaneous  drilling  i 


>t  related  to  oil  and  gas  exploration  and  production 
produce  gas  from  one  or  more  zones  but  oil  from  i 
A  multiple  completion  well  is  counted  as  one  well. 


least  one  zone.  {See  Tables  IV-A  antl  IV-B 
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APPENDIX    A    -    III     (cont'd) 
Table!  (Cont.) 
TOTAL  WELLS  DRILLED  IN  THE  UNITED  STATES' 
1974 


Total  WelU  Excluding 
Service  Wells,  Strati- 
uraphic  it  Core  Tests 


Service  Wells 

Wells  Foola 


98 

903.051 

_ 

- 

_ 

- 

98 

903,051 

Alabama 

2-1 

200.482 

_ 

- 

_ 

- 

27 

200,482 

Alaska  -  Onshore 

II 

74.880 

- 

- 

_ 

_ 

1  1 

74.880 

Alaska  -  Offshore 

38 

275.362 

_ 

- 

- 

- 

38 

275,362 

Alaska  -  Total 

73.062 

- 

- 

- 

_ 

1  1 

73,062 

Arizona 

317 

1.688.983 

_ 

- 

3 

12.898 

320 

1.701.881 

Arkansas 

184 

1.044.011 

_ 

- 

9 

50.430 

193 

1,094.441 

California  -  North 

268 

1.021.921 

_ 

_ 

17 

50.761 

285 

1.072,682 

California  -  Central  Coastal 

1.339 

2.537.293 

- 

_ 

130 

148.666 

1.469 

2,685,959 

California  -  East  Central 

95 

316,736 

_ 

_ 

40 

97.262 

135 

413.998 

California  -  South 

64 

195,371 

- 

- 

7 

23.039 

71 

218,410 

California  -  Offshore 

I.9S0 

5,115.332 

_ 

- 

203 

370.158 

2,153 

5,485,490 

California  -  Total 

S36 

5.061.899 

- 

- 

7 

43.917 

843 

5.105,816 

Colorado 

4S 

541.685 

_ 

_ 

3 

33.849 

48 

575.534 

norida 

s 

29.755 

- 

_ 

_ 

- 

5 

29.755 

Georgia 

2 

8.522 

_ 

_ 

_ 

_ 

2 

8.522 

Idaho 

795 

:  992.012 

_ 

_ 

28 

38.969 

823 

2.030,981 

Illinois 

376 

578.176 

_ 

- 

14 

24.533 

390 

602,709 

Indiana 

2 

3.395 

_ 

_ 

- 

_ 

2 

3,395 

Iowa 

2.690 

7.936.269 

37 

22,325 

98 

153.343 

2,825 

8,lll!937 

658 

1.017,256 

1 

2.036 

38 

47.224 

697 

1.066,516 

Kentucky 

1.171 

4,517.616 

_ 

_ 

38 

29.304 

1.209 

4,546.920 

Louisiana  -  North 

938 

9,493.616 

_ 

_ 

3 

25.732 

941 

9.519.348 

Louisiana  -  South 

661 

6,286.163 

_ 

_ 

19 

,•.56.368 

680 

6.442.531 

Louisiana  -  Offshore 

2.770 

20,297.395 

- 

_ 

60 

211.404 

2.830 

20.508.799 

Louisiana  -  Total 

2 

13.239 

- 

- 

- 

_ 

2 

13,239 

Maryland 

402 

2,016,934 

- 

- 

12 

38.634 

414 

2,055,568 

Michigan 

442 

3,516.715 

- 

- 

8 

45.680 

450 

3,562.395 

Mississippi 

32 

43.324 

69 

6.788 

- 

- 

101 

50.112 

Missouri 

672 

2.040.848 

1 

2.893 

- 

- 

673 

2.043,741 

Montana 

230 

1.189.152 

- 

- 

- 

- 

230 

1.189,152 

Nebraska 

2 

18.020 

- 

- 

- 

- 

2 

18,020 

Nevada 

760 

4.725.382 

- 

- 

13 

62.042 

773 

4.787.424 

New  Mexico  -  East 

368 

1.642.220 

_ 

_ 

1 

440 

369 

1.642,660 

New  Mexico  -  West 

1.128 

6.367.602 

- 

_ 

14 

62.482 

1.142 

6,430,084 

New  Mexico  -  Total 

292 

628.791 

_ 

_ 

76.473 

348 

705,264 

New  York 

11 

43.799 

- 

- 

- 

- 

11 

43,799 

North  Carolina 

127 

947.713 

- 

- 

1 

7.935 

128 

955,648 

North  Dakota 

1.788 

7.359.619 

1 

210 

1 

4.302 

1.790 

7,364,131 

Ohio 

3.057 

16.721.354 

1 

768 

131 

324.256 

3.189 

17.046.378 

Oklahoma 

1.208 

2,628.627 

8 

11.123 

106 

180.715 

1.322 

2,820.465 

Pennsylvania 

II 

62.932 

- 

_ 

_ 

_ 

11 

62.932 

South  Dakota 

135 

214.877 

_ 

_ 

_ 

_ 

135 

214.877 

Tennessee 

555 

2.082.194 

- 

- 

7 

18.009 

562 

2.100.203 

Texas  RRC  Dist.  1 

679 

4.002.768 

- 

- 

3 

15.436 

682 

4.018.204 

Texas  RRC  Dist.  2 

943 

6.025.434 

- 

- 

3 

1.811 

946 

6.027.245 

Texas  RRC  Dist.  3 

876 

5.557.149 

- 

- 

1 

4.308 

877 

5.561.457 

Texas  RRC  Dist.  4 

138 

776,422 

- 

- 

8 

14.726 

146 

791.148 

Texas  RRC  Dist.  5 

294 

2.070.664 

- 

- 

17 

37.845 

311 

2.108.509 

Texas  RRC  DUt.  6 

1.169 

3.825.691 

- 

- 

45 

95.638 

1.214 

3.921.329 

Texas  RRC  Dist.  7B 

921 

S.I  58.971 

18 

27.318 

4 

15.300 

943 

5.201.589 

Texas  RRC  Dist.  7C 

1.349 

8.363.451 

1 

5.280 

43 

170.050 

1.393 

8.538.781 

Texas  RRC  Disl.  8 

837 

4.505.057 

- 

- 

97 

358.242 

934 

4.863.299 

Texas  RRC  Dist.  8A 

1.127 

3.506.161 

- 

- 

32 

62.119 

1.159 

3.568.280 

Texas  RRC  Dist.  9 

478 

2.976.808 

- 

- 

- 

_ 

478 

2.976.808 

Texas  RRC  Dist.  10 

163 

1.332.726 

_ 

_ 

_ 

_ 

163 

1,332,726 

9.529 

50.183.496 

19 

32.598 

260 

793.484 

9.808 

51,009,578 

Texas  -  Total 

19S 

1.616.831 

_ 

_ 

1 

5.869 

196 

1,622,700 

Utah 

61 

297.883 

_ 

_ 

61 

297,883 

Virginia 

779 

2,319,938 

- 

- 

I 

5.130 

780 

2.325.068 

West  Virginia 

988 

6.692,202 

- 

_ 

13 

52.788 

1.001 

6.744,990 

"» 

105,357 

-^ 

7474, 

1.058 

32,893 

105,357 

Gulf  of  Mexico  -  Northern* 

31.698 

2.534.043 

153,164.191 

Total  -  1974 

^Includes  mulli 


'  detail  on  multiple  comple 
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APPENDIX   A   -    III    (cont'd) 

Table  II 

TOTAL  EXPLORATORY  WELLS  DRILLED  IN  THE  UNITED  STATES 

1974 


AJuka  -  Onshore 
Aiaska  -  Offshore 

2 

18.930 

3 

8.830 

I 

67.288 

12 

9S.048 

Alaska  -  Total 

2 

18.930 

3 

8.830 

7 

67.288 

12 

95.048 

Arkansas 

California  -  North 
California  -  Central  Coastal 
California  -  East  Central 
California  -  South 


38.939 
479.864 
462.349 


Colorado 
Idaho 


1.621.847 
296.705 
29.755 


38,939 
SSI. 246 
543.470 
288.481 
439,513 

52,673 


2 

5,792 

_ 

_ 

4 

25.399 

6 

31.191 

California  -  Total 

28 

147,115 

16 

81 

.121 

191 

1,127.092 

235 

1,355.328 

319.986 
29,755 
8.522 


Indiana 

Kansas 
Kentucky 
Louisiana  -  North 
Louisiana  -  South 
Louisiana  -  Offshore 


390,458 
32,096 
65,839 

179.778 


1  15,096 
44,040 
152.499 
543.339 


3.395 
2.402.565 
235.443 
1.159.365 
2.706,953 
1,179,830 


264.008 

3.395 

2.908,1  19 

311,579 
1.377.703 
3.430.070 
1,204,173 


Louisiana  -  Total 


6,011,946 


Maryland 
Michigan 
Mississippi 


Montana 

Nebraska 

Nevada 

New  Mexico  —  East 

New  Mexico  -  West 

New  Mexico  -  To 
New  York 
North  Carolina 
North  Dakota 
Ohio 

Oklahoma 
Pennsylvania 
South  Dakota 
Tennessee 
Texas  RRC  Dist.  I 
Texas  RRC  Dist.  2 
Texas  RRC  Dist.  3 
Texas  RRC  Dist.  4 
Texas  RRC  Dist.  5 
Texas  RRC  Disi.  6 
Texas  RRC  Dist.  7B 
Texas  RRC  Dist.  7C 
Texas  RRC  Dist.  8 
Texas  RRC  Dist.  8A 
Texas  RRC  Dist.  9 
Texas  RRC  Dist.  10 
Texas  -  Offshore 


Tex  a 


Total 


Utah 

West  Virginia 
Wyoming 
Gulf  of  Mexict 

Total  -  1974 


153.201 
284.064 
172.477 
266,045 
65.086 


507.792 
540.727 
168.573 

16.676 
154.207 
882,455 
877.073 
618,004 

84,790 


272,221 
169.963 
89.774 
1.009,405 
35,660 
26.053 
207.262 
188,264 


8,119 

826,993 

2,203,944 

41.786 

1,171.884 

712.058 

18,020 


675.744 

1.352.621 

2.393.026 

1.307.731 

439.928 

779.552 

1.102.936 

712.861 

768.871 

782.431 

985.131 

534.929 

1.131.494 

12.967.255 

283. 3SS 

17.532 

179.366 

2.988,203 

105,357 


13,239 
1,292,115 
2,482,358 

42,146 

1,310.639 

793.866 

18,020 


43,799 

523.158 

779.793 

2.674.764 

405,423 

46,332 

140.483 

871.560 

2.372.556 

3.597.448 

2.077,328 

552,416 

977,631 

1,395,851 

1.004.103 

1.447.908 

954.908 

1.523,397 

769.978 

1,221,268 

18,766,352 

367,711 

43,585 

399,279 


1,195   7,673,663 


[tpletion  wells  which  produce  gas  fron 


'includes  multiple 

multiple  complet 
^Includes  multiple  completion  wells  which  produce  gas  from  all  zones.   (Se 

also  include  so-called  condensate  wells. 

See  footnote  4.  page  3. 

III.B.     (i) 


or  more  zones  but  oil  from  at  least  one  zone 
/-A  for  detail  on  multiple 


(See  Table  IV-A  for  detail  on 
completion  wells.)   Gas  wells 
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APPENDIX    A    -    III     (cont'd) 
Table  III 
DEVELOPMENT  WELLS  DRILLED  IN  THE  UNITED  STATES 
1974 


Total 

OU  Wells' 

Gas  Wells^ 

Dry 

Holes 

Devel 
Wells 
40 

jpment  Wells 

Stat,  or  District 

Welh 
11 

Footage 
90,359 

Wells 
12 

Footage 
109,210 

Wells 
17 

Footage 
161,349 

Footage 

Alabama 

360,918 

Alaska  -  Onshore 

14 

103,084 

1 

2,350 

- 

IS 

105,434 

Alaska  -  Offshore 

1  1 

74,880 

- 

- 

- 

11 

74,880 

Alaska  -  Total 

25 

177,564 

1 

2,350 

- 

26 

180,314 

3 

16,004 

- 

18,119 

6 

34,123 

Arkansas 

91 

474,092 

39 

179,758 

97 

483.887 

227 

1,137,737 

California  -  North 

2 

3,959 

44 

238,180 

45 

258.402 

91 

500,541 

California  -  Central  Coastal 

202 

681,295 

- 

~ 

14 

52.145 

216 

733,440 

California  -  East  Central 

1.208 

1,906,107 

8 

30,657 

49 

161,016 

1,265 

2,097,780 

California  -  South 

76 

221.995 

- 

_ 

42,068 

85 

264,063 

California  -  Offshore 

SI 

156,940 

1 

2,255 

4,985 

58' 

164,180 

California  -  Total 

1,539 

2,970,296 

53 

271,092 

123 

518,616 

1,715 

3,760,004 

Colorado 

193 

1,163,305 

175 

1,246,481 

130 

709,666 

498 

3,119,452 

Florida 

7 

98,811 

_ 

- 

122,888 

IS 

221,699 

Georgia 

- 

_ 

_ 

_ 

- 

- 

- 

Idaho 

- 

- 

- 

- 

- 

- 

- 

Illinois 

332 

805,055 

8 

17,300 

235 

593.291 

575 

1.415.646 

118 

176,148 

15 

14,263 

75 

123.757 

208 

314,168 

Iowa 

- 

- 

- 

- 

- 

- 

- 

Kansas 

89 1 

2.083,146 

356 

1,018,015 

596 

1.926.989 

1,843 

5,028,150 

Kentucky 

171 

207.045 

107 

225.739 

196 

272.893 

474 

705,677 

Louisiana  -  North 

318 

849,624 

436 

1,412.921 

198 

877,368 

952 

3,139,913 

Louisiana  -  South 

268 

2,135!872 

152 

1,717,457 

242 

2,210,217 

662 

6,063,546 

Louisiana  -  Offshore 

215 

2,018,930 

,1,40 

1,552,232 

155 

1,510,828 

510 

5,081.990 

Louisiana  -  Total 

801 

5,004,426 

7^ 

4,682,610 

595 

4.598,413 

2,124 

14,285,449 

Maryland 

- 

_ 

_ 

_ 

Michigan 

66 

333,017 

18 

92,117 

60 

299,685 

144 

724,819 

Mississippi 

44 

359,017 

20 

61.368 

86 

613 

972 

150 

1,034,357 

Missouri 

7 

768 

1 

410 

- 

8 

1,178 

Montana 

SO 

201,025 

110 

202,101 

131 

327 

083 

291 

730,209 

Nebraska 

27 

132,158 

10,989 

46 

252 

139 

75 

395,286 

Nevada 

_ 

_ 

_ 

_ 

_ 

_ 

- 

New  Mexico  -  East 

291 

1,296,602 

165 

1,519,259 

136 

863 

410 

592 

3,679,271 

New  Mexico  -  West 

51 

235,779 

250 

1,136,914 

26 

96 

727 

327 

1,469,420 

New  Mexico  -  Total 

342 

1,532,381 

415 

2,656,173 

162 

960 

137 

919 

5,148,691 

New  York 

153 

186,871 

220,133 

11 

31 

175 

243 

438,179 

North  Carolina 

_ 

- 

North  Dakota 

31 

264,402 

_ 

_ 

22 

160 

153 

53 

424,555 

Ohio 

547 

2,151,946 

933 

3,933,570 

136 

494 

310 

1,616 

6,579,826 

Oklahoma 

1.098 

5,125,577 

683 

4,329,054 

880 

4.591 

959 

2.661 

14,046,590 

Pennsylvania 

660 

714.038 

426 

1,472.651 

21 

36 

SIS 

1,107 

2,223,204 

South  Dakota 

1 

9,086 

- 

- 

7 

S14 

2 

16,600 

Tennessee 

44 

64,924 

1 

1.575 

7 

895 

50 

74.394 

Texas  RRCDist.  1 

242 

660,504 

67 

349,212 

58 

200 

918 

367 

1,210,634 

Texas  RRC  Dist.  2 

56 

326,665 

148 

796,447 

99 

507 

100 

303 

1,630,212 

Texas  RRC  Dist.  3 

333 

1,437,363 

58 

376,166 

126 

614 

457 

517 

2,427,986 

Texas  RRC  Dist.  4 

206 

1,146.482 

240 

1,643,129 

123 

690 

210 

569 

3,479,821 

Texas  RRC  Dist.  S 

30 

106.961 

6 

59,605 

22 

57 

440 

58 

224,006 

Texas  RRC  Dist.  6 

83 

356,094 

55 

495,656 

34 

241 

283 

172 

1,093,033 

Texas  RRC  Dist.  7B 

415 

1,224,050 

139 

580,070 

254 

625 

720 

808 

2,429.840 

Texas  RRC  Dist.  7C 

386 

2,040,859 

257 

1,708.082 

83 

405 

927 

726 

4,154.868 

Texas  RRC  Dist.  g 

1.021 

5,181,057 

96 

1,133,811 

75 

600 

675 

1,192 

6,915.543 

Texas  RRC  Dist.  8A 

596 

3,044.395 

25 

111,803 

393 

951 

695 

3,550,149 

Texas  RRC  Dist.  9 

570 

1.197.804 

52 

320,616 

188 

464 

344 

810 

1,982,764 

Texas  RRC  Dist.  10 

185 

758,417 

129 

1,024,604 

423 

809 

392 

2,206,830 

Texas  -  Offshore 

1 

8,886 

9 

77,145 

25,427 

13 

111,458 

Texas  -  Total 

4,124 

.7,489:537 

1,281 

8,676,346 

1,217 

5,251,261 

6,622 

31,417,144 

Utah 

114 

1,133.155 

8 

60,026 

17 

55,939 

139 

l,249:i25 

Virginia 

_ 

_ 

50 

240,756 

13,542 

53 

254,298 

West  Virginia 

116 

278,065 

503 

1,462,096 

58 

180,498 

677 

1.920,659 

Wyoming 

364 

2,114.107 

126,636 

133 

806,474 

518 

3.047.217 

CulfofMexico-Northern^ 

- 

- 

_ 

_ 

- 

Total  -  1974 

U^M 

'"''■■'^' 

6.04S 

M^ 

23,620,119 

23,079 

100,289,663 

'includes  multiple  completion 
multiple  completion  wells.) 

•"Includes  multiple  completion 
also  include  so-called  condcn 

wells  which  produce  gas  from  one  o 

but  oil  from  at  le 

ast  one  zone. 

(See  Table  IV 

B  for  detail  on 

wells  wh 
ate  wells 

ich  produce 

as  from  all  zo 

nes.    (See  Tab 

le  IV-B  for  detail 

on  multiple 

ompletion  wells.)  Gas  wells 

•"Sec  footnote  4.  page  3. 

III.C.     (i) 
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APPENDIX   B 


[.    Typical  Crude  Oil  Price  at  the  Well,  Years  1955  through 
1975  (First  Quarter) . 


[.    Sales  of  Producing  Properties  and  Drilling  Equipment, 
Years  1955  through  1973  (United  States) 
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APPENDIX    B 


TYPICAL  CRUDE  OIL  PRICE  AT  THE  WELL 
YEARS  1955  THROUGH  1975  (FIRST  QUARTER) 


Year  Price  (a) 


1955  $  2.90 

1956  2.90 

1957  3.25 

1958  3.25 

1959  3.25 

1960  3.25 

1961  3.20 

1962  3.10 

1963  3.10 

1964  3.10 

1965  3.10 

1966  3.11 

1967  3.11 

1968  3.16 

1969  3.32 

1970  3.40 

1971  3.60 

1972  3.60 
4/73  3.85 
8/73  4.20 

12/73  5.20 

1/74  10.00 

9/74  10.60 

11/74  10.60 

1/75  11.20 

2/75  11.60 

3/75               '  12.00 


(a)  East  Texas  Field  (new  oil) 
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APPENDIX   B    -    TI 


SALES  OF  PRODUCING  PROPERTIES 

AND  DRILLING  EQUIPMENT 

YEARS  19  55  THROUGH  197  3 

(United  States) 


(1) 

(2) 
No.  of 

No.  of 

Sales 

of  Companies 

Dri 

lling  Rigs 

to 

International 

Year 

Sold 

at  Auction 

Oil 

Companies 

1955 

0 

1956 

11 

1957 

5 

1958 

11 

1959 

11 

1960 

13(a) 

18 

1961 

45 

20 

1962 

170 

20 

1963 

238 

8 

1964 

279 

16 

1965 

265 

11 

1966 

269 

5 

1967 

242 

6 

1968 

274 

2 

1969 

200 

1 

1970 

234 

2(b) 

1971 

168 

1972 

135 

1973 

101(b) 

TOTALS 

2_ 

,633 

147 

Ta)   First  auction . 
(b)   Last  available  data. 


Column  (1)  -  Source:   American  Association  of  Oilwell  Drilling 

Contractors . 
Column  (2)  -  Source:   Concentration  Levels  and  Trends,  January 

1974,  Federal  Trade  Commission. 


STATEMENT  OF  HENRY  M.  JACKSON  ON  ROBERT  NATHAN'S 
TESTIMONY  ON  OIL  PRICES 

[From  the  Congressional  Record,  July  16,  1975] 

On  April  28,  1975  Robert  R.  Nathan  testified  before  the  Senate  In- 
terior and  Insular  Affairs  Committee  on  national  pricing  policy  for 
new  domestic  crude  oil.  Xathan  reported  the  results  of  a  study  con- 
ducted by  a  Dallas  petroleum  consulting  firm.  La  Rue,  Moore  and 
Schafer,  which  purported  to  show  that  the  "economic  cost"  of  new  oil 
in  the  United  States  in  1974  was  as  high  as  $12.73  per  barrel. 

The  staff  of  the  Senate  Interior  Committee,  with  the  assistance  of 
the  Congressional  Research  Service,  has  analyzed  both  the  LaRue, 
Moore  and  Schafer  Study  and  the  policy  conclusion  which  Nathan 
either  claims  explicitly  or  implies  on  the  basis  of  that  study.  A  copy 
of  the  Interior  Committee  staff  analysis  is  printed  below.  The  results 
of  this  analysis  stand  in  stark  contrast  to  the  Xathan  testimony  and 
raise  the  most  serious  and  substantial  doubts  concerning  the  validity 
of  the  study  and  of  the  policy  conclusions  drawn  from  it. 

It  is  clear  that  the  Administration,  the  oil  industr\\  and  their  sup- 
porters in  the  Congress  have  attempted  over  the  past  two  months  to 
use  the  Nathan  testimony  as  "proof"  of  the  need  for  domestic  oil 
prices  set  at  levels  even  higher  than  those  imposed  by  the  OPEC 
cartel.  In  my  opinion,  the  Interior  Committee  staff  analysis  of  the 
Nathan  testimony  utterly  demolishes  the  foundation  of  any  such  claim 
based  on  the  arguments  of  the  LaRue,  Moore  and  Schafer  study. 

A  number  of  misconceptions  and  outright  distortions  are  contained 
in  the  Nathan  testimony  and  the  study  upon  which  it  is  based.  In  addi- 
tion, even  more  egregious  distortions  have  characterized  the  interpre- 
tations which  others  have  placed  on  the  testimony. 

Some  of  the  more  significant  and  telling  points  which  the  Interior 
Committee  staff  analysis  makes  about  the  Nathan  study  are : 

First,  the  prices  which  are  calculated  by  LaRue.  Moore  and  Schafer 
by  far  exceed  the  prices  determined  by  other  reputable  analyses,  in- 
cluding those  by  the  National  Petroleum  Council  and  the  Federal 
Energy  Administration's  Project  Independence  Task  Force. 

Second,  in  calculating  their  "prices"  LaRue,  Moore  and  Schafer 
have  consistently  overestimated  dollar  outlays — for  example,  by  as- 
suming an  after-tax  rate  of  return  which  is  two  and  one-half  times 
the  average  for  U.S.  manufacturing — and  underestimated  the  amount 
of  oil  which  is  obtained  from  those  outlavs — for  example,  by  totally 
ignorinir  the  enormous  low-cost  reserves  discovered  in  Alaska. 

Tliird,  independent  of  the  magnitude  of  the  prices  c<alculated.  the 
conclusions  drawn  from  this  effort  could  be  applied  only  to  a  frac- 
tion of  what  is  presently  called  new  oil.  "The  LaRue,  Moore  and 
Schafer  study  only  addresses  the  question  of  pricing  for  newly  dis- 
covered oil.  It  provides  no  standard  for  pricing  of  the  other  cate- 
gories of  crude  oil  production  established  by  current  regulations — old 
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oil,  released  oil,  or  stripper  well  oil.  It  does  not  even  claim  to  provide 
a  guide  to  the  price  necessary  to  elicit  new  oil  from  old  reservoirs  by 
secondary  and  tertiary  recovery. 

Fourth,  the  logic  of  the  study,  if  carried  to  its  conclusion,  would 
imply  that  the  U.S.  should  adopt  a  cost-based  formula  which  sets  n 
separate  price  for  oil  discovered  in  each  past  and  future  year,  and 
perhaps  for  every  geographic  region.  This  sort  of  regulation  would 
extend  to  its  logical  absurdity  the  regime  that  now  applies  to  interstate 
natural  gas  under  the  Federal  Power  Commission.  I  doubt  that  the 
oil  industry  representatives  who  have  been  urging  Nathan's  analysis 
on  members  of  Congress  really  intend  that  Congress  draw  this  impli- 
cation; and 

Finally,  the  LaKue,  Moore  and  Schaf er  analysis  is  totally  unable  to 
relate  a  particular  crude  oil  price  to  the  level  of  production  whicli 
would  be  forthcoming  at  that  price.  That  is,  of  course,  what  is  really 
required  for  the  purpose  of  evaluating  the  appropriateness  of  a  new 
oil  price.  To  my  knowledge,  no  adequate  analysis  of  this  sort  exists. 
The  effoi'ts  of  Nathan  and  of  LaRue,  Moore  and  Schafer,  however, 
because  of  their  total  inadequacy,  only  serve  to  further  confuse  the 
oil  pricing  issue. 

The  calculation  by  LaRue,  Moore  and  Schafer  is  an  interesting 
academic  exercise  which  is  unfortunately  fatally  tilted  toward  the 
substantial  overestimation  of  the  "prices"  required  to  make  oil  ex- 
ploration profitable.  The  oil  industry  and  the  Administration  have  been 
all  too  eager  to  find  some  justification,  no  matter  how  meager,  for  the 
economically  ruinous  oil  prices  which  are  implied  by  their  policies — 
in  combination  with  those  of  OPEC.  The  LaRue,  Moore  and  Schafer 
study  and  the  interpretations  of  it  given  by  Robert  Nathan  and  others 
far  less  scnipulous  fail  totally  to  provide  this  justification.  There  is 
indeed  a  widespread  conviction  even  in  the  Administration,  as  evi- 
denced by  statements  of  FEA  Administrator  Zarb,  Secretary  Simon 
and  others,  that  such  prices  are  neither  necessary  nor  justified  as  pro- 
duction incentives. 

The  "Ecoxomic  Cost"  of  Crude  Oil,  a  Comment  on  Analysis  by 
Robert  R.  Nathan  and  LaRue,  Moore  and  Schafer 

By  Arlon  R.  Tussing  with  Benjamin  S.  Cooper  and  Henry  Canaday. 

May,  1975 

SUMMARY 

In  testimony  on  oil  pricing  policy  before  the  Senate  Committee 
on  Interior  and  Insular  Affairs  on  April  28,  1975,  Robert  R.  Nathan 
presented  calculations  of  the  "economic  price"  of  crude  oil  produc- 
tion for  the  years  1959  through  1974.  This  "economic  price"  purported 
to  be  the  "price  necessary  to  induce  wildcat  producers  to  take  risks 
and  incur  the  costs  attendant  on  finding  and  developing  new  sources 
of  crude  oil."  This  price  ranged,  according  to  Nathan,  from  $2.86 
per  barrel  in  1959  to  $8.22  in  1970  and  $12.73  in  1974. 
Using  this  set  of  price  estimates  Nathan  concludes : 

"It  is  quite  clear  that  for  some  time  oil  prices  in  the  United 
States  have  been  at  levels  well  below  actual  costs  and  this 
has  had  a  discouraging  impact  on  finding  and  developing 
new  sources  of  oil  supplies",  and  .  .  . 


315 

"It  costs  a  orreat  deal  moi"e  to  find,  dovelop  and  pi-oduoe 
oil  today  than  ever  in  the  past.  If  this  nation  is  serious 
about  reducing  dependence  on  oil  imported  from  insecure 
sources  it  will  have  to  pay  sufficient  prices  to  cover  the  true 
economic  costs  of  exploration,  discovery,  development,  and 
production." 

"Without  explicitly  saying  so,  Nathan  implies  that  these  "economic 
)sts"  are  now  at  a  level  in  excess  of  $12.73  per  barrel. 
The  Nathan  testimony  is  based  on  a  study  carried  out  by  LaRue, 
[oore  &  Schafer,  a  Dallas,  Tex.  petroleum  consulting  firm.  Both  the 
athan  testimony  and  the  study  by  LaRue,  Moore  &  Schafer  have 
ien  carefully  analyzed  by  the  staff  of  the  Senate  Interior  Committee 
ith  the  assistance  of  the  Congressional  Research  Service. 
Our  principal  conclusions  are : 

1.  The  logical  implication  of  the  Nathan  testimony  is  that  the 
nited  States  should  establish  a  system  of  cost-hased  regulation  for 
Hroleum  pricing  similar  to  the  present  Federal  Power  Commission 
'■gidation  of  interstate  sales  of  natural  gas. 

There  are  substantial  conceptual  flaws  in  the  LaRue,  Moore  & 
:hafer  study  upon  which  the  Nathan  testimony  is  based,  flaws  which 
-e  compounded  by  a  consistent  bias  in  the  assumptions  of,  and  choice 
:  data  for,  the  calculations.  If,  however,  for  the  sake  of  argument, 
lese  are  ignored,  and  the  numerical  results  accepted,  the  logic  of 
athan's  exercise  suggests  that  a  cost  based  system  of  oil  pricing  be 
iposed  with  a  different  price  for  oil  discovered  in  each  given  year, 
arried  to  its  conclusion,  the  resulting  multi-tier  system  for  newly 
scovered  oil  would  also  differentiate  prices  regionally,  between  on- 
lore  and  off-shore  production,  and  among  classes  of  producers. 
Despite  this  implication  of  Nathan's  testimony,  the  LaRue,  INIoore 
Schafer  study  does  not,  in  fact,  distinguish  "economic  prices"  for 
ly  specific  region  or  category  or  of  production  but  is  in  fact  based 
I  national  averages  modified  only  by  the  exclusion  of  prolific  and 
slatively  low  cost  reserves  of  northern  Alaska. 

Accordingly  the  study  does  not  specify  either  the  appropriate  price 
T  production  classified  under  current  regulations  variously  as  old 

1.  released  oil  or  stripper  well  oil,  or  an  appropriate  price  that  might 
»  provided  for  oil  produced  with  the  assistance  of  secondary  or 
rtiary  recovery. 

2.  //  Nathan's  interpretation  of  LaRue,  Moore  &  Schafer  is  correct, 
e  oil  industry''s  investment  strategy  for  the  past  15  years  has  been 
iremely  foolish. 

Nathan's  finding,  "that  for  some  time  oil  prices  have  been  at  levels 
low  actual  costs,"  is  puzzling  on  its  face,  because  it  implies  that  the 
stroleum  industry  voluntarily  poured  $64  billion  over  the  period  of 
'59-1974  into  investments  that  would  not  earn  an  economic  rate  of 
turn. 

3.  Nathan''s  results  substantially  exceed  previous  calculations  of  oil 
sts  by  reputable  sources. 

The  numerical  results  of  the  study  far  exceed  the  "economic"  or 
equired"  price  estimates  arrived  at  for  the  same  years  by  both  jiublic 
id   private   studies,   including   those   of   Franldin   Fisher,   Foster 
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Associates,  the  Bureau  of  Mines/  the  National  Petroleum  Council  ai 

the  Federal  Energy  Administration's  Project  Independence  studj 

4,  The  LaRue.,  Moore  and  Schafer  calculations  of  the  costs  loh'u 

should  he  re-fiected  in  oil  prices  include  huge  lease  payments^  unrec 

'  Cntde  oil  cost  estimates  "based  upon  historic  data.  The  Foster  Associates  Report,  "T 
Role  of  Petroleum  and  Natural  Gas  from  the  Outer  Continental  Shelf  in  the  National  8t 
ply  of  I'etroleiim  and  Natural  Gas"  (Washington  :  U.S.  Government  Printing  Office,  197 
shows  estimated  "current  costs"  of  new  hydrocarbon  supplies  from  1958-67  data.  " 
'current  cost'  (was)  meant  the  cos*^  which  may  reasonably  be  anticipated  in  the  near-te: 
future  in  the  absence  of  significant  changes  in  discovery  rates  or  other  factors  influenci 
unit  costs.  The  essence  of  the  measu^'ement  of  current  cost  is  to  estimate  two  categor 
of  costs — those  of  (1)  finding  and  (2)  producing  the  reserves."  The  cost  estimates  1 
oil  reservoirs  are  shown  below  : 

Onshore  Ot 

Gulf  of         Southern      C  online r 
Mexico       Louisiana  United  Sta 

Finding  costs $1.30-1.35  $1.19  $1 

Other  costs .63  .91 


Total 1. 93-1. 938  2. 20 


These  figures  include  lease  acquisition  expenses  and  dry  hole  costs,  but  do  not  inclii 
a  return  to  capital,  royalties  or  income  tax.  The  study  used  a  discounted  cash  flow  (DC 
model  to  determine  the  overall  rate  of  return  from  crude  oil  at  the  prices  prevailing 
the  time.  Investment  in  oil  re.servoirs  earned  a  DCP  rate  of  return  (on  total  investmer 
of  5  to  G.4  percent,  and  a  return  to  book  capital  of  7.2  to  11.9  percent  (see  footnotes 
and  5  for  a  discussion  of  competitive  rates  of  return). 

la  1970  the  Bureau  of  Mines  analyzed  seven  fields  selected  at  random  in  the  Gulf 
Mexico  by  the  DCF  method.  The  total  cost  of  crude  oil,  excluding  dry  hole  costs  ott 
than  on  the  particular  lease  block,  and  profits,  but  including  lease  bonuses,  royalties  a 
income  taxes,  ranged  from  .$1.45  per  barrel  to  ^2.56.  Profit  per  barrel,  based  upon  p 
vailing  prices  (1970)  ranged  from  .32  cents  to  i^l.ol,  for  a  DCF  rate  of  return  varyi 
from  1.1  percent  to  19.5  percent.   (Bureau  of  Mines  Information  Circular  No.  8557,  197; 

'^Recent  csttmateH  of  the  "economic  price"  or  cost  of  new  crude  oil.  Judgments  regai 
ing  oil  prices  in  the  National  Petroleum  Council's  (NPC's)  Energy  Outlook  study,  t 
Federal  Energy  Administration's  (FEA's)  Project  Independence  Report  and  the  .Masi 
chusetts  Institute  of  Technology's  (M.I.T.'s)  Economic  Evaluation  of  Project  Indepen^'.er 
are  all  ba.^eil  upon  a  balance  sheet  type  approaches  similar  in  one  key  regard  to  that 
Lallue,  Shafer  &  Moore.  Neither  the  NPC  nor  FEA  model  uses  an  economic  model  tl 
takes  account  of  the  fact  that  costs  per  barrel  (both  incremental  and  average)  would 
fact  vary  greatly,  depending  upon  the  levels  of  production.  Both  approaches  project 
arcraqc  cost  of  crude  oil  per  barrel  for  a  particular  assumed  level  of  production.  The  Fl 
and  MIT  reports  start  from  such  a  single  point,  balance  sheet-type  estiu-xate  of  aver;i 
prices,  and  adjust  it  with  a  price  elasticity  of  supply  coefficient  (the  ratio  between  t 
percentage  change  in  output  and  the  percentage  change  in  price)  in  order  tc  project  t 
daily  rate  of  iiroduction  at  difTerent  price  levels. 

The  NPC.  FEA  and  MIT  prices  purportedly  refer  to  the  average  cost  of  all  futJ^ 
production  from  both  present  and  future  reserves  as  seen  from  a  given  future  producti 
year.  Tlie  Nathan  figures,  on  tlie  contrary,  refer  to  all  production  from  reservoirs  discover 
in  each  partiruhir  year  in  the  recent  past,  as  seen  from  that  year.  None  of  these  concei 
is  necessarily  equivalent  either  to  the  price  industry  must  receive  today,  or  to  the  pr 
industry  must  expect  to  receive  in  some  future  year,  to  assure  a  specified  level  of  p: 
duction  in  that  year. 

Nathan's  concept  of  "economic  price"  purportedly  refers  to  a  cost  for  discovery  a 
producing  new  reserves  actually  added  in  a  particular  year,  and  not  necessarily  to  t 
cost  for  the  reserves  we  would  have  desired  to  have  added  and  produced.  In  order 
compare  his  estimates  with  those  in  other  studies  that  post  different  levels  of  producti( 
the  prices  which  are  in  principle  most  comparable  to  Nathan's  are  those  that  resi 
in  the  similar  levels  of  production  to  those  M'hich  actually  occurred  (in  1974.  for  exampli 

In  FEA's  "business  as  usual"  (BAU)  scenario,  $7  per  barrel  (in  1973  dollars)  is 
"minimum  acceptable  price"  that  would  result  in  production  increases  for  domes 
potrolpum  liquids  of  6  and  10  percent  over  1974,  in  1980  and  1085  respectively.  In  t 
"accelerated  development"  scenario  (where  the  critical  changes  are  expanded  leasii 
authority  to  develop  Naval  Petroleum  Reserve  No.  4,  and  deregulation  of  new  natui 
gas),  the  "minimum  acceptable  price"  necessarv  to  maintain  current  production  is  '( 
than  .^}  per  barrel  (in  1973  dollars)  !  Four  dollars  would,  according  to  the  projectic 
jrcMiorale  an  increase  in  production  over  1974  of  6  and  13  percent  in  1980  and  1985 
spof'tivrly.  (Project  Independence  /?c;)orf.  November  1974,  P.  81.) 

FK.V's  1980  and  1985  production  estimates  (11.1  to  11.9  million  barrels  per  day) 
.>4  and  $7  per  barrel  are  not  llkelv  to  be  regarded  as  an  acceptable  decree  of  energy  se 
sulliciency.  On  that  basis,  the  desirable  price  level  is  of  course  hicher  than  $4  or  $7.  E 
M^iw"^  ."**'"''*""  °^  *'^*^  DaRue.  Moore  &  Schafer  analysis  does  not  show  a  claim  that  H~- 
'  ,  ,.  7  "o'l'irs.  we  assume)  is  the  proper  price  for  crude  oil.  but  that  it  was  the  "econon 
price  (rost)  of  the  discoveries  actually  made  in  19T!,.  (Nathan,  however,  attempts 
(•envoy  the  former  inference.)  Because  these  additions  were  clearlv  insufficient  to  repla 
l.)(4   consumption,    the   study's   figures   imply    that   any   desired   increase   in   discover! 
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'dicdlly  high  rates  of  return  for  the  oil  industry  and  exclude  the  low- 
lost  reserves  associated  with  the  most  favorable  domestic  discovery 
if  the  last  15  years. 

The  surprisingly  liigh  figures  which  Nathan  quotes  from  the  LaRue, 
Moore  &  Schafer  study  trace  directly  to  a  number  of  assumptions, 
imong  the  most  important : 

The  inclusion  in  petroleum  capital  costs  of  lease  bonus  pay- 
ments which,  if  Nathan's  findings  are  correct,  were  unwise  in  the 
past  and  would  be  unnecessary  in  the  future ; 

Treatment  of  petroleum  reserve  data  that  ignores  both  the  true 
cost  of  developing  each  year's  reserve  additions  and  the  flexi- 
bility of  producible  reserves  at  differing  price  levels ; 

The  assumjDtion  of  a  rate  of  return  standard — 15  percent  on 
total  assets  after  taxes — in  substantial  excess  of  both  the  experi- 
ence of  other  American  industries  and  the  profitability  premised 
in  other  energy  development  research.  This  extreme  assumption 
compounds  annually  into  Nathan's  "economic  price"  over  the  28 
years  of  each  reserve's  productive  life;  and 

The  deliberate  exclusion  from  the  study  of  all  data  on  oil  dis- 
coveries on  the  North  Slope  of  Alaska.  At  one  stroke,  Nathan 
thus  removes  the  largest  single  field  of  petroleum  development 


TOuld  require  an  even  higher  price  than  $12.73  over  the  life  of  any  new  crude  oil  reserves 
.dded  in  the  future. 

The  NPC  in  its  1973  study  of  oil  availability  (reflecting  work  begun  in  1971)  gave 
he  price  figures  in  the  left  column  of  the  following  table.  The  figures  in  the  right  column 
how  the  XPC  estimates,  updated  to  curent  prices  by  use  of  the  GNP  deflator.  (The 
ears  after  1975  are  in  constant  1975  dollars.) 

Unit  revenue  required — 
1970  dollars    Current  dollars 

1971 3. 22  3. 37 

1972 3. 31  3. 58 

1973 3. 37  3. 85 

1974 3. 49  4. 39 

1975 3. 65  5. 14 

1980 4.90  6.90 

1985 6.69  9.42 

The  NPC  "required  price"  figures  are  for  all  oil,  and  are  therefore  a  weighted  average 
f  "old"  and  "new"  oil,  rather  than  oil  from  reserves  discovered  only  In  the  particular 
?ar  (as  in  the  case  of  Nathan's  study).  They  can,  however,  be  further  adjusted  to 
eparate  out  a  "required  price"  for  new  oil,  which  would  be  comparable  to  the  Nathan 
gure.  Assuming  that  the  price  of  "old"  oil  including  "old"  stripper  well  oil  and  presently 
released"  oil  from  old  wells,  were  frozen  at  ■*5.25,  that  the  production  of  old  oil  declined 
t  10  percent  per  year,  and  that  total  production  remained  unchanged  over  time,  the 
jquired  price  for  new  oil  would  have  been  less  than  $5.25  per  barrel  in  current  prices 
>T  each  year  through  1975  ;  for  1980  it  would  be  $8.14  per  barrel,  and  for  1985,  $10.81 
both  in  1975  dollars). 

M.I.T.'s  report  ^.Energy  Self-Sufflciency:  An  Economic  Evaluation,  May  1974)  Implies 
lat  the  cost  of  "new"  oil  to  maintain  the  volumes  that  hav€  actually  been  produced  in 
Jcent  years  is  in  the  vicinity  of  $7  per  barrel  (1974  dollars).  That  price,  according 
•  the  Erickson-Spann  model,  would  result  In  1980  crude  oil  production  of  8.4  million 
irrels  per  day  :  an  MIT  natural  gas  supply  model  predicts  2.1  million  barrels  per  day 
'  natural  gas  liquids  at  this  price,  for  a  total  of  10.5  million  barrels  per  day — just 
bout  the  1974  average  for  domestic  production.  Here  again,  "only"  10.5  million  barrels 
Jr  day  of  domestic  production  would  generally  be  regarded  as  inadequate  because  it 
ttplies  a  continuing  growth  of  oil  imports.  The  MIT  report  suggests  that,  for  total  energy 
'If-siifRciency,  however,  ".  .  .  the  price  needed  to  bring  in  13  million  barrels  p<'r  day 
1  19S0  .  .  .  must  be  far  higher  than  the  $5.64  estimated  by  the  NPC.  We  might  suppose 
lat  to  double  the  1972-7.',  performance  (in  terms  of  reserve  additions)  would  require 
■Ipling  the  price  ...  to  $12.90  in  1973  dollars."  (emphasis  added).  The  similarity  here 
»  the  Nathan  figure  Is  purely  coincidental — because  the  MIT  study  implies  that  $12.90 
?r  barrel  will  result  in  the  future  in  ticice  the  discoveries  which  that  price,  according 
>  Nathan,  would  have  supported  in  1974.  The  point  of  the  foregoing  is  not  that  the 
'ejections  of  FEA,  NPC  or  MIT  are  correct,  or  even  better  than  Nathan's,  but  ti> 
lustrate  the  substantial  divergence  of  his  numbers  over  those  recently  produced  hy 
her  authorities,  given  similar  assumptions  about  the  level  of  production. 
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and  reduces  total  reserve  additions  in  the  United  States  over  i 
last  eight  years  by  more  than  one-half. 

5.  The  Nathan  testimony  does  not^  and  cannot^  identify  the  app 
priate  price  for  domestic  oil. 

Even  if  the  biases  listed  above  were  corrected,  the  notion  of  "e^ 
nomic  price"  as  defined  by  LaRue,  Moore  and  Schafer  cannot  be  ma 
relevant  to  a  determination  of  the  proper  level  for  new  oil  prices 
the  future.  Any  meaningful  attempt  to  determine  the  true  supf 
function  for  petroleum  would  have  to  combine  an  estimate  of  h( 
much  oil  is  wanted  at  various  prices  with  an  estimate  of  how  mu 
could  be  produced  at  each  of  those  prices.  Because  the  LaRue,  Moc 
<fc  Schafer  model  does  not  even  consider  the  relationshi]:)  between  t 
volume  of  oil  that  can  be  discovered  and  produced  at  different  lev< 
of  cost,  it  has  nothing  useful  to  say  about  the  proper  or  desirable  le\ 
of  crude  oil  prices. 

ANALYSIS 

]\Ir.  Xathan's  prepared  statement  for  the  Senate  Interior  Commi 
tee  hearings  of  x\pril  28, 1975,  "The  Cost  of  Finding,  Developing  ar 
Producing  Crude  Oil  in  the  United  States,"  draws  conclusions  froi 
and  makes  policy  recommendations  based  upon,  an  analysis  of  tl 
oil  industry's  financial  and  operating  data  entitled  "Calculation  ( 
New  Oil  Costs:  United  States,  Years  1959  through  1974."  The  analys 
was  prepared  by  LaRue,  Moore  &  Schafter,  a  Dallas-based  petroleU| 
consulting  firm.  There  are  substantial  reasons  to  doubt  the  inferenCj 
which  Nathan  makes  from  the  LaRue,  Moore  and  Schafer  study,  ar| 
there  are  substantial  reasons  to  question  the  methodology,  use 
data  and,  finally,  the  value  of  the  study  itself. 

The  LaRue.,  Moore  (&  Schafer  Calculations 

The  LaRue,  Moore  &  Schafer  approach  can  be  quickly  sketche 
Data  on  the  costs  of  finding  oil,  estimates  of  the  amounts  found,  ai 
prospective  costs  of  producing  it  (including  royalties.  Federal  a] 
State  taxes,  etc.)   are  presented  for  each  year  1959  to  1974.  A  d 
counted  cash  flow  (DCF)  model  is  then  used  to  set  the  price  (called  t 
economic  price)  which  would  provide  the  producers  with  an  annu 
after-tax  return  of  15  percent  on  their  total  investment  (including  i 
vestments  made  with  borrowed  funds) .  The  method  is  comparable 
those  used  by  corporate  planners  in  assessing  the  likely  profitability  j 
a  potential  investment— except  that  in  this  case  the  bulk  of  investmei , 
exploration  and  development  expense  has  already  been  made.  We  j, 
Its  assumptions  accurate,  the  method  would  be  equivalent  to  a  yei  p, 
end  review  by  petroleum  investors  of  the  capital  costs  incurred  di  k, 
mg  the  preceding  twelve  months  and  the  benefits  needed  to  justi . 
their  prior  expenditures.  j 

The  study  in  no  fashion  assesses  the  profitability  of  oil  product!  ^ 
during  each  of  the  years  in  the  table.  The  vast  majority  of  oil  actua!  ^, 
iittecl  in  any  particular  year  is  from  reserves  developed  in  earlier  a  p. 
less  expensive  periods.  For  this  reason,  the  industry  could  conceival  p 
make  a  competitive  profit  in  every  year  and  on  every  investment  pi^  j 
rn  ;,^of  i  /  ''"''''^''^  P'^^'^^  ^^^''^?/^  lagging  behind  the  "economic  pri( 
tW  nn  r.  •  "■  '"'^''!?^  investments.  Nathan's  statement  "that  for  soi  ,, 
acTuarrn<ffr'-'  '"^  .^\l  ^^^^^^  ^^^^^^  ^^^^  ^een  at  levels  well  beL  , 
MooJ^  &  Sc^haLTeport  '    ''''  '  ^^^^^^^^^^  ^^^ ^™^^  ^ ^«^  the  LaR  , 


319 

Even  as  an  intended  estimate  of  "minimum  economic  price" 
athan's  definition)  for  current  year  development,  moreover,  the  La- 
te, Moore  &  Schafer  report  rests  on  incorrect  or  inappropriate  as- 
nptions.  These  shortcomings  in  turn  impart  substantial  upward 
Lses  to  its  price  projections. 
Leasehold  Costs 

rhe  cost  of  acquiring  leases — including  bonus  payments — is  in- 
ded  in  the  original  investment  total  on  which  the  15  percent  annual 
urn  must  be  earned.  From  an  oil  producer's  point  of  view,  this 
uld  be  a  legitimate  procedure  for  deciding,  among  other  things, 
ether  a  past  bid  offer  was  justified.  From  the  standpoint  of  the 
momy  as  a  whole  this  assumption  reduces  to  the  assertion  that  con- 
ners  must  pay  a  price  for  oil  that  rewards  landowners  with  what- 
\v  bonuses  and  other  payments  oil  developers  happen  to  offer  them, 
these  payments  reflected  a  realistic  estimate  of  the  property's  al- 
native  uses,  they  would  indeed  constitute  an  "economic  cost"  useful 
arriving  at  an  "economic  price"  for  oil.  But  when,  as  in  the  majority 
cases,  they  reflect  only  a  scarcity  bid  by  prospective  producers,  they 
a  transfer  payment — useful  as  an  allocative  mechanism  but  un- 
iessary  as  a  cost  either  to  society  or  to  the  producers  who  make  them, 
^ut  another  way,  the  willingness  to  incur  lease  acquisition  charges 
evidence  that  producers  anticipate  that  prices  over  the  life  of  the 
se  will  in  fact  exceed  the  expected  costs  of  exploring,  developing 
i  producing  it — including  the  appropriate  allowance  for  dry  holes, 
a  particular  price  level  would  not  adequately  compensate  pro- 
bers for  their  original  lease  acquisition  expenses,  then  these  expenses 
mselves  should  and  would  be  revised  downward  before  oil  prices 
id  increase.  The  LaRue,  Moore  &  Schafer  analysis  purports  to  show 
availing  price  levels  failing  to  justify  productive  investment,  yet 
eals  producers  continually  incurring  leasehold  expenses  of  up  to 
percent  of  their  investment.  In  1970,  for  example,  exclusion  of  only 
Behold  costs  would  reduce  the  "economic  price"  projection  bv  about 
50  per  barrel,  from  $7.25  to  less  than  $6.00. 

"reatment  of  Natural  Gas 

rhe  model  assumes  natural  gas  prices  at  a  fixed  figure  for  each  year 
lal  to  1.5  times  the  Bureau  of  Mines  estimate  of  the  average  price 
natural  gas  in  that  year.  For  recent  years,  the  resulting  figure  is  far 
5  than  producers  can  actually  expect  to  receive  over  the  life  of  newly 
led  gas  reserves.  It  is  believable,  for  instance,  that  production  from 
3rves  added  in  1973  and  1974  will  be  selling  for  only  28  and  45 
ts  respectively  per  thousand  cubic  feet  (Mcf )  over  the  life  of  these 
erves?  The  average  price  of  natural  gas  in  intrastate  sales  in  1974 
3  already  over  $1.00  per  Mcf.  By  seriously  understating  revenues 
>ducers  can  anticipate  from  natural  gas  sales,  the  methodology  con- 
;ently  inflates  the  revenues  they  must  receive  from  crude  oil  to  as- 
e  a  specified  profitability  for  their  investment. 

rhe  LaRue,  Moore  &  Schafer  analysis  also  takes  no  accounting  of 
le  joint  costs  of  oil  and  natural  gas.  Estimates  of  oil  development 
I  operating  costs  from  the  American  Petroleum  Institute's  Joint 
3ociation  Survey  of  the  Oil  and  Gas  Producing  Industry — are  de- 
ed from  aggregates  that  reflect  the  expenses  of  oil  and  gas  opera- 
Qs  together.  It  appears  that  exploratory  expenses  from  this  source 
ributed  by  LaRue,  Moore  &  Schafer  to  the  search  for  oil — includ- 
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ing  dry  hole  expenses — ^have  also  been  responsible  for  the  discover^^ 
of  non-associated  natural  gas  reserves  in  addition  to  oil  and  associ' 
ated  natural  gas.  Revenues  from  non-associated  gas,  however,  are  nol 
-included  as  income  in  the  analysis. 

The  formula  by  which  LaRue,  Moore  &  Schafer  separated  out  thi 
cost  of  oil  development  may,  moreover,  tend  to  underestimate  oi 
operating  costs  and  overestimate  oil  exploratory  and  development  out; 
lays.  This  latter  component,  because  it  must  compound  at  15  percen 
until  the  product  is  sold,  is  the  far  more  decisive  factor  in  setting  tin 
economic  price. 

3.  Use  of  Beserve  Figures 

The  figure  used  for  gross  reserve  additions  in  each  year  is  not  th< 
whole  increase  in  proved  reserves  as  published  by  the  American  Pei 
troleum  Institute,  but  only  the  reserves  attributed  to  new  discoveries 
and  "expected  upward  revisions."  Each  year's  expenditure  figures 
however,  includes  all  exploration  and  development  outlays  in  tha 
year.  The  cash-flow  purportedly  necessary  to  produce  each  year's  nev 
reserves,  therefore,  encompasses  development  investment  that  result; 
in  current  year  extensions  and  upward  revisions  of  reserve  estimate; 
for  previously  discovered  fields,  including  investment  in  secondary 
and  tertiary  recovery.  The  result  can  be  viewed  as  either  a  gros; 
understatement  of  new  reserves  or  a  gross  overstatement  of  the  invest 
ment  necessary  to  discover  them.  In  either  view,  the  result  is  a  strong 
upward  tilt  to  price  projections  for  recent  years.  Though  there  is  n( 
simple  means  of  disentangling  these  mismatched  reserve  and  cost  data 
the  case  of  1973  is  instructive  of  its  impact.  Taking  LaRue,  Moore  & 
Schafer's  version  of  investment  during  that  year  with  1973's  additioi 
to  proved  reserves  recorded  by  the  American  Petroleum  Institut( 
would  reduce  the  "economic  price"  from  $8.70  per  barrel  to  about  $6.00 

4.  Critique  of  API  Reserve  Estimates 

Even  this  adjustment  would  not  resolve  another  fundamental  prob 
lem  with  the  model's  approach  to  crude  oil  reserves.  For  the  API 
reserve  figures — whether  taken  in  their  original  form  or  as  convertec 
and  reassigned  by  LaRue,  Moore  &  Schafer — have  not  been  adjustec 
to  take  into  account  higher  price  levels.  This  is  despite  the  qualifica 
tion  in  the  definition  of  provided  reserves  that  they  be  recoverable 
under  "current  economic  conditions."  Higher  priced  crude  oil  make^ 
possible  better  and  more  widely  applied  recovery  techniques.  Revenues 
from  crude  oil  at  $10  per  barrel  or  more,  first,  extend  the  productive 
life  of  previously  discovered  reservoirs,  and  thereby  increase  thf 
amount  of  the  recoverable  oil  contained  in  them. 

Price  can  be  expected  to  influence  the  volume  of  reserves,  second,  b\ 
making  feasible  more  advanced  methods  of  recovery,  and  third  by  ite 
effect  on  the  very  definition  of  a  successful  drilling  venture.  Amono 
the  historical  "dry  holes" — whose  cost  pushes  up  the  total  capital 
commitment  required  for  developing  reserves — are  many  wells  that 
reached  crude  oil  reservoirs  of  insufficient  size  or  quality  to  justify 
development  at  $3.00  per  barrel.  At  higher  crude  oil  prices  these 
marginal  reservoirs  become  additions  to  the  nation's  producible  oil 
reserves. 

The  !N"athan  study,  by  failing  to  allow  flexibility  of  reserves  in  re- 
sponse to  real  or  expected  price  increases,  built  a  decisive  bias  into 
the  economic  price  estimates  themselves.  For  these  "prices"  are  essen- 
tially a  gross  revenue  (needed  to  recover  capital  and  costs),  divided 
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V  the  estimated  volume  of  product  to  be  sold.  Improperly  c^nserva- 
ve  estimates  of  the  amount  of  oil  that  is  recoverable  increase  tlio 
ollar  burden  that  each  barrel  must  bear  in  justifying  investments. 

The  Rate  of  Return 
:  A  15  percent  after-tax  rate  of  return  ^  on  stockliolders'  equity  may 
e  a  reasonable  standard  for  judging  new  investments.  Sucli  a  stand- 
rd  reflects  the  anticipated  rate  of  return  on  alternative  investment 
pportunities.  Over  the  period  1966-1974,  the  average  rate  of  return 
Dr  Fortune  s  top  500  U.S.  manufacturing  firms  was  11  3  i^erccnt 
eachmg  a  peak  of  15.5  percent  in  1974.  The  LaRue,  Moore  &  Schafer 
sercise  relied  upon  by  Nathan,  however,  uses  as  its  standard  not  a 
5  percent  rate  of  return  on  stockholders'  equity  by  a  15  percent  after- 
ix  rate  of  return  on  total  assets.  This  figure  is  almost  two  and  one- 
alf  times  the  average  for  the  comparable  rate  of  return  concept  in 
jJ.S.  manufacturing  industry  over  the  period  in  question  (6  2  ner- 
i^ent  between  1966  and  1974).^  ^    ^ 

,i  >^  Real  or  Nominal  Rates  of  Return.  Nathan's  study  did  not  explicitly  d«>signate  this 

\te  either  as  a  'real'  rate  of  return— i.e.,  one  that  removes  the  overstatenient  of  infia- 
!on— or  simply  a  nominal  one  expressed  in  current  dollars.  If  it  is  supposed  to  be  a 
real  return,  its  profitability  target  would  be  all  the  more  excessive.  Fifteen  percent  per 
nnum  Is  about  five  times  the  real  return  on  secure  investments  such  as  mortgaged 
roperty  and  the  AAA  debentures  by  which  major  oil  firms  themselves  borrow  monev. 
et  if  it  is   to   be  merely   a   nominal   return  it  makes  no  sense  to  compare   the  model's 

leconomic  price"  to  the  then  prevailing  crude  oil  price — investors  would  exii<'(>t  tiiis  latter 
rice  to  rise  with  inflation,  assuring  them  of  the  required  nominal  rate  of  return,  and 

lancelling  the  whole  logic  of  Nathan's  approach. 

I  *•  Rate  of  Return  Standards.  The  table  below  shows  some  rate  of  return  indicators  for 

,11  U.S.  manufacturing  industry.  None  of  these  book  rate  of  return  concepts  corresponds 
xactly  to   a  DCF  rate  of  return  ;  for  relatively  capital-intensive  industries,  and  In  In- 

lationary  periods  generally  book  rates  of  return  will  tend  to  exceed  DCF  rates  of  return. 
In   the   Foster   Associates   study   cired   previously,   book  rates   of   return   exceeded   DCF 

jites  of  return  by  2.2  to  5.5  percentage  points.)  The  implication  is  that  the  DCF  rate 
f  return  required  by  the  petroleum  industry  to  be  competitive  in  capital  markets  would 

'e  substantially  less  than  those  shown  in  the  table. 


Return  before  taxes 
Income 


Return  after  taxes 


as  per-  Income  as  percentage  of 

centage  of  stockholder  equity 

stockholder  Total Total 

eqtiity  return  on                               Fortune  return 

(FTC  total                                         500  on  total 

mean)  assets  •     FTC  mean           median  assets  *> 

1966. 22.4  7.5  13.4  12.7  5.5 

1967 19.3  7.1  11.7  11.3  5.5 

1958 20.8  7.5  12.0  11.7  5.5 

1969..       20.0  7.9  11.4  11.3  «.  I 

1970                                    15.6  7.6  9.3  9.5  6.1 

1971.. :::".:;:.:_..: 16.4         6.9         9.7         9.1  5.3 

1972  18.4  7.7  10.6  10.3  5.4 

1973..:.:.:.:.:.:.: 21.7  9.4         12.8         12.4  -.2 

1974 .24.7  11.4  "15. 5 13^6 9^ 

Averaged 19.8  8.1  11-8  11-3  6.2 

»  (Income  after  taxes-Fortune  500-times  (income  before  taxes  divided  by  l^^'T^^fJ"  ^^f!" 
FTC)  plus  (net  indebtedness— Fortune  500  times  the  prime  commercial  rate))  divided  by  total  ass^lo  - 

''b^Income  after  taxes-plus  (net  indebtedness  times  the  prime  commercial  rate))  divided  by  toUil 
assets— all  from  Fortime  500. 
« 1st  3  quarters. 

<•  From  geometric  mean  of  (1+r). 
Eren   with  this  nBalificatlon,  no»e  of  tbese^ratejf  return  moasuro^  U  "''V}''!  '^■ 
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This  special  profitability  is  necessary  in  the  LaRue,  Moore  &  Schaf 
view  because  (a)  oil  development  is  risky,  (b)  it  is  undertaken  I 
small  producers,  and  (c)  it  is  financed  out  of  equity  capital. 

These  characterizations,  which  apply  to  only  part  of  the  industr 
are  not  necessarily  appropriate  to  a  study  purporting  to  cite  avera 
costs  for  all  oil  discoveries  in  the  U.S.  (less  Prudhoe  Bay).  Each 
them,  moreover,  is  only  partly  true.  Initial  stages  of  oil  explorati' 
and  development  have  traditionally  depended  upon  a  large  number 
small  "wildcat"  operators.  Much  reserve  activity  is,  now,  howevt 
moving  toward  expensive  sites  off  shore  and  in  the  Arctic,  where 
major  proportion  of  financing  must  come  from  major  integrated  peti 
leum  corporations,  though  the  efforts  of  independent  drillers  will  st 
play  a  large  part  in  the  expansion  of  U.S.  production. 

Yet  even  in  the  past  major  firms,  either  through  their  own  e 
ploratory  efforts  or  by  participating  agreements  with  small  operate 
have  shouldered  a  substantial  share  of  capital  requirements  for  e 
ploration  and  development,  and  as  reserves  move  towards  the  pe 
of  their  productive  lives  a  far  greater  portion  of  the  benefits  and  co; 
of  exploiting  them  shifts  to  integrated  firms.  The  15  percent  after-t 
rate  of  return  posited  by  LaRue,  Moore  &  Schafer,  when  aj)plied 
the  complete  amount  and  duration  of  investment  in  oil  reserves,  woi 
mean  that  these  firms  can  also  expect  profitability  rates  far  in  exc( 
of  standards  for  the  economj^  as  a  whole.  Yet  these  firms,  the  major 
companies,  are  large  and  varied  enough  in  their  commitments  that  t 
risk  premium  necessary  to  attract  capital  to  a  small  operation  is  hare 
a  "minimum"  requirement.  It  is  not  surprising,  therefore,  that  t 
average  after-tax  earnings  on  investment  by  petroleum  corporatio 
have  tended  to  be  almost  the  same  as  the  average  for  all  manuf acturi 
industry.^ 

Fixing  a  particular  rate  of  return  has,  in  a  discounted  cash  fl( 
model,  a  decisive  impact  on  its  results.  Had  the  15  percent  standa 

6  Comparison  of  Rate  of  Return  in  Petroleum  and  Other  Industries.  The  average  aft 
tax   rate   of   return   on    stockholders'   equity   of   the   "petroleum   refining"    sector  of 
Fortune  500   (which  contains  the  major  integrated  oil  companies  including  their  prod 
ing  operations)    was  almost  identical  with  that  for  the  500  as  a  whole   (11.4  and  1 
percent  respectively).   The  following  table  shows  the  figures  for  Indlviual  years: 

Median  rate  of  return  on  sti 
holder's  equity 

Petroleum 

refining    manufactu) 

1965 ....  .      .  10.4 

1966 12.3 

1967 11.2 

1968 11.8 

1969 10.5 

1970. 10. 3 

1971 .        ......  .  ao  1 

1972 ..  9.4 

1973 ..  I 13.4  1 

1974 16.8  1 

Average* 11.4  1 

•From  geometric  mean  of  (1  +  r). 

Note.— The  1974  Fortune  500  contained  29  oil  companies.  According  to  the  1973  Annual  Survey  of  Oil  i 
Oas  (U.S.  Department  of  Commerce,  Bureau  of  the  Census)  the  top  25  companies  (in  terms  of  oil  and 
lease  revenues)  made  42  percent  of  the  total  U.S.  expenditures  on  exploratory  dry  holes,  65  percent  of  t( 
exploration  expenditures,  62  percent  of  development  expenditures,  and  produced  78  percent  of  the  or 
petroleum  and  condensate. 
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m  used  as  a  pre-tax  measure,  or  after  tax  earnings  set  at  10  percent 
oth  assumptions  are  approximately  equal,  given  the  oil  industry's 
i.  structure  even  after  partial  depletion  repeal) ,  the  "economic  prices" 
ejected  would  have  been  reduced  12  to  15  percent  for  various  years; 
ieed,  by  this  one  correction  alone,  the  "economic  price"  would  have 
lyed  below  the  actual  oil  price  up  to  the  mid-1960's. 

Exclusion  of  the  North  Slope  of  Alaska 

N"©  economic  rationale  is  advanced  for  excluding  the  reserves  added 
the  North  Slope  of  Alaska.  The  current  API  figure  for  proved 
;erves  the  Prudoe  Bay  field  is  confined  to  the  biggest  reservoir, 
}  Sadelrochit.  It  makes  no  allowance  for  future  revisions  or  exten- 
ns,  ignoring,  for  example,  the  billions  of  barrels  of  recoverable  oil 
w  known  to  exist  in  the  Lisburne  and  Kuparuk  formations,  but  is 
'Tcrtheless  greater  than  the  sum  of  all  new  reserves  attributed  by 
Rue,  Moore  &  Schafer  to  the  years  between  1969  and  1974,  inclusive, 
lus  by  one  unexplained  assumption,  the  report  has  reduced  total 
ierve  additions  in  the  United  States  by  more  than  one  half.  While 
i  exploration  and  development  expenses  incurred  on  the  North 
)pe  have  apparently  also  been  omitted,  these  were  insignificant  corn- 
red  to  the  expenditures  that  icere  included  from  elsewhere  in  the 
lited  States. 

More  important,  perhaps,  the  oil  and  gas  reserves  contained  in 
aska's  North  Slope  are  not  onlj^  immense;  they  are  fuel  sources 
it  the  oil  industry  was  anxious  to  tap  long  before  the  era  of  $10  per 
rrel  crude  oil,  or  the  prospect  of  crude  at  $12  or  more  that  Nathan 
w  urges.  This  eagerness  itself  reveals  something  of  the  "economic 
ice"  necessary  for  development  in  these  regions,  and  it  tells  some- 
ng  else  too.  For  as  the  opportunities  for  profitable  North  Slope 
relopment  were  perceived,  and  as  these  opportunities  were  converted 

0  corporate  commitments,  investuient  funds  and  interest  were 
iwn  away  from  the  traditional  fields  below  the  Arctic  into  field 
relopment  and  pipeline  construction.  Petroleum's  financial  pros- 
'ts  in  Alaska  are  as  relevant  to  "lower  forty-eight"  activity  as  are 

1  figures  obtained  by  LaRue,  Moore  &  Schafer  for  lower  forty- 
:ht  development  itself. 

Fhe  Prudhoe  Bay  discovery  is  indeed  exceptional.  We  have  no  way 
knowing  how  many  more  "supergiant"  oil  fields — if  any — will  yet 
discovered  in  Alaska,  or  elsewhere  in  the  United  States  or  on  its 
iter  Continental  Shelf.  Yet  Nathan  makes  much  of  the  riskiness  of 
'  exploration  gamble — whose  reward  includes  the  hope  of  bonan- 
i  just  as  its  cost  includes  the  cliance  of  failure.  Any  assessment 
the  expected  responsiveness  of  oil  supply  to  oil  price — and  any 
Igment  what  price  is  needed  to  elicit  a  given  supply — must  en- 
npass  both  ends  of  the  probability  spectrum.  The  exclusion  of  the 
askan  experience,  precisely  because  of  its  rich  finds  at  relatively 
V  unit  costs,  creates  a  decisive  upward  bias  in  the  model's  results, 
id  it  tokens,  at  the  same  time,  extremely  narrow  approach  to  energy 
tters  taken  by  its  authors. 

depletion  Allowance 

5ince  preparation  of  the  Nathan  study,  use  of  the  depletion  allow- 

26  has  been  substantially  restricted.  This  change  would,  other  things 
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bein^  equal,  require  a  higher  selling  price  and  a  greater  level  of  preta 
earning  to  achieve  any  specificed  rate  of  after-tax  profitability.  But  th 
one  downward  bias  in  the  Nathan  scheme  is  certainly  dwarfed  b 
the  many  and  substantial  upward  tilts  contained  in  its  methods.  Tl 
estimates  cited — for  the  effect  of  bonus  inclusion,  underestimation  c 
reserves,  excessive  rate  of  return — underscore  this  point  all  too  clearl 
for  just  a  few  of  these  biases. 

CONCLUSION 

The  foregoing  points  have  been  addressed  to  those  components  ( 
the  LaRue,  Moore  &  Schafer  analysis  most  critical  in  shaping  Robei 
R.  Nathan's  economic  price  conclusions.  Invested  capital  to  be  reco^ 
ered  profitably,  the  revenues  attributable  to  sale  of  oil,  the  volun 
of  crude  oil  on  which  costs  and  profits  are  to  be  made,  and  the  ral 
of  return  at  which  profitability  should  be  set — each  of  these  elemen 
could  under  differing  but  reasonable  assumptions  result  in  an  "ec( 
nomic  price"  estimate  far  closer  to  historical  prices  than  to  Nathan 
conclusion.  A  complete  assessment  of  their  effect  would  require  a  vi 
tual  duplication  of  the  LaRue,  Moore  &  Schafer  exercise  with  di 
ferent  and  more  appropriate  assumptions. 

THE   USEFULNESS   OF   HISTORICAL   COST   ANALYSIS   TO   DETERMINE   FUTUI 

PRICES 

Tliere  would  seem  little  purpose  in  such  duplication.  For,  even 
all  the  inappropriate  assumptions  identified  in  this  memorandum  wei 
modified,  we  would  have  to  question  the  whole  logic  of  the  LaRu 
Moore  &  Schafer  model  and  the  use  to  which  it  has  been  put  by  M 
Nathan.  Over  the  long  term,  the  rate  of  return  on  investments  in  cruc 
oil  producing  facilities  is  not  determined  by  the  price  of  crude  oJ 
Whatever  is  the  price  of  oil,  firms  will  invest  in  those  prospects  (ai] 
only  those  prospects)  which  promise  as  good  or  better  profits  tha 
are  available  from  alternative  investment  opportunities.  Abnormal! 
high  profits  expected  from  exceptionally  favorable  prospects  will  ten 
to  be  appropriated  by  landowners  (including  the  federal  g;overnment 
in  the  form  of  leasehold  charges,  so  that  oil  producers  will  tend  to  1 
left  with  about  the  same  average  rate  of  return  on  their  investmei 
as  is  experienced  by  other  industries.  The  price  of  crude  oil,  theri 
fore,  determines  not  the  rate  of  return  but  the  amount  of  exploratic 
and  ultimately  of  production  that  will  take  place  in  the  course  c 
earning  a  return  competitive  loith  other  kinds  of  business.^ 

« "Costs"  are  Determined  hy  Industry  Expectations  in  Certain  Models.  The  Circul: 
loRlc  of  balance-sheet-type  cost  analyses  like  that  of  the  NPC  or  LaRue,  Moore  &  Schaft 
has  a  curious  implication:  to  the  extent  that  such  an  analysis  correctly  specifies  (1)  ti 
timinff  and  cost  of  past  reserve  additions  (or  the  probability  of  future  explorato; 
success)  and  (2)  the  expected  rate  of  return  necessary  to  justify  investment,  they  w 
produce  on  "economic  price"  just  about  equal  to  the  price  industry  expects  to  preva 
This  is  because  the  Industry  will  undertake  only  those  exploration  ventures  that  Io( 
profitable  at  the  expected  price — and  moreover,  will  bid  up  price-inelastic  elements 
costs  (including  lease  bonuses  and,  recently,  rig-time  and  certain  drilling  supplies) 
a  level  that  tends  to  absorb  any  expected  "excess"  profits  above  a  competitive  ra 
of  return. 

Because  of  unforseeen  developments  (OPEC's  price  increases,  changes  in  regulatoi 
policies,  etc.,  exceptional  exploratory  luck,  etc.),  price  expectations  and  cost  realiti 
will  diverge  one  direction  or  another  in  individual  years.  But  on  the  whole,  the  cost  < 
"economic  price"  projections  of  such  analyses  as  the  NPC  or  Nathan  should  tend  to  trn( 
industry  price  expectations  rather  closelv.  That  fact  that  the  Nathan  analysis  co 
sistently  results  in  "economic  prices"  higher  than  those  that  were  anticipated  by  tl 
industry  (as  well  as  higher  than  current  prices)  actually  indicates  more  about  tl 
upward  bias  of  the  assumptions  of  the  analysis  than  it  does  about  the  appropriatene 
of  the  prices  that  actually  prevailed. 
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Unless  Tve  know  how  much  oil  is  likely  to  be  discovered  and  ulti- 
mately recovered  at  each  level  of  costs  per  barrel,  and  couple  this, 
schedule  with  a  statement  of  how  much  crude  oil  we  want  (at  any 
eiven  price) ,  we  cannot  meaningfully  specify  the  necessary  economic 
price"  for  crude  oil.  Because  the  LaRue,  Moore  &  Schafer  model  does 
not  address  itself  to  the  relationship  between  the  volume  ot  oil  tliat 
can  be  discovered  and  produced  at  ditferent  levels  of  cost  it  would 
have  nothing  useful  to  sav  about  the  proper  or  desirable  level  of  crude- 
oil  prices  even  if  it  were  purged  of  its  economic  and  accounting 
f  flllacips. 

The  Nathan  testimony  does  not  tell  us  how  much  domestic  oil  would 
be  discovered  and  produced  at  $12.75  per  barrel.  Taken  at  face  value, 
however,  his  analysis  is  terribly  pessimistic.  Cost  outlays  of  almost 
thirteen  dollars  per  barrel  are  credited  with  1974  reserve  additions 
which  were  far  less  than  sufficient  to  maintain  current  production, 
much  less  to  meet  future  growth  or  reduce  imports. 

Even  if  we  had  confidence  that  Nathan's  1974  "economic  price"  were 
accurate,  and  that  the  same  outlays  would  produce  the  same  results 
in  1975  as  thev  did  in  1974,  we  still  would  not  know  the  proper  price 
for  crude  oil.  Thirteen  dollars  per  barrel  may  be  the  "cost"  of  so  many 
million  barrels  per  day,  but  that  may  not  be  as  much  oil  as  we  would 
like.  But  how  much  more  oil  would  $15  or  $30  per  barrel  elicit?  We  do 
know  that  still  higher  prices  would  have  bid  up  the  value  of  leases 
and  factors  of  production  whose  supply  is  not  readily  increased.  By 
doing  so,  higher  oil  prices  would  by  themselves  further  increase  the 
"economic  price"  as  defined  by  Nathan.  We  also  know  that  such  prices 
would  create  immense  windfalls  for  some  producers  and  have  serious 
hiflationary  and  contractionary  effects  on  the  general  economy.  Un- 
fortunately, however,  we  still  cannot  predict  with  much  confidence  the 
effect  of  higher  prices  on  oil  discoveries,  and  the  Nathan  analysis  does 
not  advance  us  along  the  path  to  such  predictions. 

It  is  very  likely  that  $13  crude  oil  will  not  make  the  United  States 
self-sufficient,  or  even  75  percent  self-sufficient  in  petroleum  by  1985, 
But  how  much  less  self-sufficient  would  we  be  if  the  price  of  "new" 
oil  were  reduced  to  $10,  or  $8,  or  even  less  ?  Again,  the  Nathan  anal- 
ysis is  silent.  It  is  not  implausible  that  the  loss  of  production  would 
in  fact  be  negligible  compared  to  the  benefits  in  reduced  inflation  and 
expanded  economic  activity. 

Several  earlier  studies  attempted  to  measure  the  historical  responses 
of  petroleum  exploration  and  production  to  price  fluctuations  in  the 
range  between  $1.50  to  $4  per  barrel  which  encompassed  the  prices 
that  prevailed  between  World  War  II  and  the  Arab  embargo.  These 
analyses  cannot,  however,  easily  be  extrapolated  to  prices  far  outside 
of  these  limits.  The  responsiveness  of  oil  production  to  price  changes 
above  (say)  $6  per  barrel  may  indeed  be  substantial,  and  it  may  not. 

It  is  difficult  to  ignore  the  fact,  however,  that  industry  groups  like 
the  National  Petroleum  Council  (NPC)  and  the  Independent  Petro- 
leum Association  of  America  (IPAA)  were  only  two  or  three  years 
ago  telling  us  that  $4  or  $5  per  barrel  would  result  in  an  acceptable 
degree  of  self-sufficiency.  AYliat  has  really  happened  in  the  interA^ening 
period?  Inflation  alone  could  be  expected  to  raise  these  figures  by 
only  20  to  30  percent.  Within  the  range  of  plausible  prices  (say  $7 
to  $15),  it  is  not  clear  whether  discoveries  are  more  sensitive  to  actual 


326 

prices  themselves  or  to  other  variables  such  as  OCS  leasing  policj 
the  general  economic  and  investment  climate,  sheer  luck,  or  the  sta 
bility  of  industry's  expectations  regarding  prices,  regulation  an( 
taxation. 

Mr.  Nathan  in  his  Interior  Committee  testimony  has  argued  tha 
crude  oil  prices  prevailing  from  the  early  1960's  up  to  the  cartel- 
price  hikes  were  insufficient  to  signal  private  oil  firms  into  the  do 
mestic  exploration  and  development  activity  necessary  to  maintaii 
domestic  reserves  at  the  levels  which  we  would  have  (retrospectively 
deemed  desirable.  While  respectable  opinion  agrees  on  this  point  ; 
host  of  other  factors  influenced  the  evolution  of  the  domestic  oil  sup 
j)ly  situation  during  this  period.  For  example : 

Substantial  oil  industry  exploration  and  development  activit; 
took  place  overseas  with  the  aim  of  exploiting  the  lowest  cos 
prospects.  This  activity  received  strong  government  encourage 
ment  including  but  not  limited  to  generous  tax  incentives.  Th 
prospects  developed  were  dominated  by  supergiant  oil  fields  i] 
foreign  countries  (where  production  costs  were  very  low  com 
pared  to  most  U.S.  fields),  and  this  fact  contributed  greatly  t< 
increased  American  dependence  on  these  sources  of  supply. 

Leasing  on  the  Outer  Continental  Shelf  proceeded  at  a  snail' 
pace  both  because  of  a  desire  on  the  part  of  the  Federal  Govern 
ment  to  maximize  lease  bonus  revenue  per  acre  and  because  o 
opposition  from  some  coastal  states  and  onshore  produce 
interests. 

State  prorationing,  assisted  by  the  Mandatory  Oil  Import  Pro 

gram,  stabilized  prices  (albeit  at  levels  above  the  then  curren 

world  market  prices)    and   obscured   the   signals  of   declininj 

domestic  oil  availability  until  Texas  and  Louisiana  fields  reache( 

nearly  100  percent  of  their  effective  producing  ca])acity  in  1972- 

1973.  The  U.S.  regulatory  system  left  domestic  pi"oducers,  con 

sumers,  and  the  government  alike  unaware  of  growing  deficienc; 

in  domestic  supply  until  it  created  spot  shortages  in  1973  anc 

more  importantly  left  the  U.S.  vulnerable  as  it  had  never  beei 

before  to  the  cutoff  of  Arab  oil. 

These  observations  tell  us  part  of  the  story  that  led  to  the  curren 

oil  supply  problems  of  the  United  States,  but  neither  they  nor  the  ac 

counting  exercise  carried  out  by  LaRue,  Moore  &  Schafer  and  in 

terpreted  for  us  by  Mr.  Nathan,  offer  a  concrete  program  for  the  future 

We  are  left,  that  is,  where  we  were  before :  with  an  understandinj 

that  elements  in  Federal   energy  policy — including  prices,  impor 

quotas,  tax  treatment,  environmental  regulation,  and  leasing  procf 

dures — all  contributed  to  the  creation  of  our  immediate  oil  problen 

but  with  no  clear  guide  to  the  equitable  and  efficient  correction  of  thes 

past  mistakes. 


TATEMENT  OF  ROBERT  R.  NATHAN  IN  RESPONSE  TO  THE  SENATE 
INTERIOR  COMMITEE  STAFF  ANALYSIS  OF  THE  NATHAN  NEW  OIL 
PRICE  STUDY,  AUGUST  1975 

Verner,  Liipfert,  Bernhard  &  McPherson, 

Washington^  D.C.^  August  7,  1975. 
Ir.  William  Van  Ness, 
hneral  Counsel^  Senate  Interior  Committee^ 
Vashington^  D.C. 

Dear  Bill:  Enclosed  is  a  statement  by  Robert  Nathan  and  John 
A  Rue,  responding-  to  the  Interior  staff's  criticism  of  the  La  Rue, 
loore  and  Schafer  study  and  the  Nathan  testimony  based  thereon. 
i/'e  appreciate  your  offer  to  include  this  as  part  of  the  record. 
Sincerely, 

Harry  McPherson, 
Counsel  for  the  Small  Producers  for  Energy  Independence. 
Enclosure. 

Itatement  of  Robert  R.  Nathan  in  Response  to  the  Senate 
Interior  Committee  Staff  Analysis  of  the  Nathan  New  Oil 
Price  Study 

On  July  16,  1975,  Senator  Henry  M.  Jackson  placed  into  the 
'ongressional  Record  a  Senate  Interior  Committee  staff  analysis  of 
ly  testimony  on  oil  prices  and  the  study  on  which  it  was  based, 
'alculation  of  New  Oil  Costs,  United  States,  Years  1959  Through 
974,  May  1, 1975,  La  Rue,  Moore  and  Schafer. 

There  is  set  forth  below  a  point  by  point  response  to  the  questions 
lised  and  the  claims  made  in  the  staff  report.  Several  general  observa- 
ons  would  seem  to  be  in  order,  however,  before  the  more  detailed 
iialysis  is  undertaken. 

Both  my  testimony  and  the  La  Rue  report  examine  the  economic 
:)St  of  finding  and  producing  new  oil  o^vAy.  In  my  testimony,  I  made 

clear  that  if  the  economic  cost  of  new  oil  is  significantly  more  than 
le  price,  there  will  be  less  and  less  exploration  and  that  additions  to 
jverses  and  domestic  production  will  be  at  lower  levels.  This  can  only 
lean  increased  imports. 

For  this  reason,  in  pointing  out  all  the  things  the  La  Rue  study  did 
jot  do  (e.g.,  sensitivity  analyses,  omission  of  old  oil,  released  oil  and 

ripper  well  oil,  secondary  and  tertiary  recovery,  etc.)  the  staff  report 
Tticizes  the  La  Rue  study  for  not  including  analj'ses  which  are  not 
ermane  to  the  object  of  the  study,  which  was  to  calculate  the  economic 
)st  of  new  oil.  This  scarcely  constitutes  a  sound  basis  for  criticism. 

In  comparing  the  La  Rue  study  results  with  those  from  other 
|>urces,  the  staff  report  is  exceedingly  careless.  AVhile  differences  in 
[lemselves  do  not  necessarily  lead  to  the  conclusion  that  the  La  Rue 
'Udy,  or  any  other  study,  is  therefore  incorrect,  the  differences  should 
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be  real  and  not  contrived.  Thus,  comparison  is  made  with  cost  data  in 
other  studies  which  include  old  oil.  Citations  from  other  studies  aro 
highly  selective  and  do  not  always  represent  the  main  thrust  of  the 
study  conclusions.  Comparison  is  made  with  studies  using  a  different 
time  frame  or  a  different  set  of  assumptions. 

Finally,  the  staff  report  is  critical  of  the  La  Rue  study  because  it  is 
"totally  unable  to  relate  a  particular  crude  oil  price  to  the  level  oi 
production  which  would  be  forthcoming  at  that  price."  While  such 
information  would  indeed  be  valuable,  it  does  not  exist  today,  nor  is 
it  likely  to  exist  in  the  immediate  future. 

I  put  the  matter  succinctly  and  clearly  in  my  testimony  before  the 
Senate  Committee  on  Finance  on  July  io,  1975.  I  said: 

*'If  Senator  Nelson  or  Senator  Long  had  said  to  me,  'Mr.  Nathan 
if  you  let  new  oil  prices  go  to  $12.83  are  you  confident  you  are  goin^ 
to  get  a  tremendous  amount?'  And  I  would  say  no.  'I  do  not  know.  AI 
I  am  saying  is  that  if  you  do  not  let  it  go  near  the  cost,  you  are  nevei 
going  to  know  because  you  will  not  get  the  drilling.'  " 

Following  is  a  point-by-point  reponse  to  the  Interior  Committee 
staff  analysis: 

1.  Interior  Staff  claim : 

Oil  cost  calculation  by  LaRue,  Moore  &  Schafer  "far  exceeds"  those 
calculated  by  the  National  Petroleum  Council  and  Federal  Energj 
Administration  Project  Independence. 

Nathan-LaRue  response : 

a.  The  only  oil  costs  ever  calculated  by  the  National  Petroleum 
Council  were  for  new  oil  plus  old  oil,  which  may  have  been  discovered 
in  prior  decades  and  cannot  be  related  in  any  way  to  the  cost  of  new 
oil. 

b.  Project  Independence  supports  the  LaRue,  Moore  &  Schafer  an 
alysis.  Oil  costs  based  on  1973  drilling  costs,  when  calculated  usin^ 
15  percent  rate  of  return  and  including  lease  bonuses,  werei: 

Per  'bwrre 

West  Texas,  New  Mexico $11.  6( 

Texas,  Louisiana  Gulf  Coast 9.  O 

Texas,  Louisiana  offshore 11.  2( 

c.  Other  sources  cited  by  the  Interior  staff  do  not  back  up  its  claim; 
To  wit:  The  MIT  study  (May,  1974)  says,  "The  results  indicate  thaj 
prices  of  $11  to  $13  per  barrel  (oil  equivalent)  will  be  necessary  t( 
bring  forth  enoufrh  additional  supplies  of  fossil  fuels  to  satisfy  de| 
mands  in  domestic  energy  markets  at  that  time."  To  this  is  added  h 
a  footnote,  "The  prices  are  for  1973  and  a  factor  of  10  to  15  percenj 
must  be  applied  to  convert  to  1974."  The  1974  price,  according  to  thij 
source,  should  then  be  between  $12  and  $15  per  barrel. 

A  Foster  Associates  study  is  quoted  as  saving  that  finding  and  othej 
direct  costs  average  $1.85  to  $2.20  per  barrel  based  on  1957-1967  dati 
LaRue,  Moore  &  Schafer  costs  comparably  computed  were  $1.87, 
barrel  for  the  same  period.  The  Interior  staff  fails  to  mention  furthei 
statements  that  appear  in  the  Foster  Associates  Study,  namely,  "Thus 
the  results  of  this  study  are  a  more  nearly  accurate  reflection  of  t]i< 
present  cost  of  finding  hydrocarbons  discovered  in  the  past  five  to  tei 
years  than  they  are  a  forecast  of  the  cost  of  finding  new  supplies  ii' 
the  next  five  years."  The  Foster  report  further  states,  "The  results  o; 
this  study  are,  therefore,  not  a  measure  of  the  economic  cost  of  finding 
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new  supplies  in  the  sense  of  measuring  total  costs,  including  an  allow- 
mce  for  return  commensurate  ^Yith  risk,  but  instead  are  measures  of 
comparative  ])rofitability  at  present  price  levels." 

2.  Interior  Staff  claim : 

Dollar  outlays  have  been  "consistently  overestimated"  by  assuming 
m  after  tax  rate  of  return  "two  and  one-half  times"  greater  than  that 
di  U.S.  manufacturing  and  "ignoring  enormous  low  cost  reserves  dis- 
covered in  Alaska." 

Xathan-LaRue  response : 

a.  The  staff  attempts  to  make  a  meaningless  comparison  between 
''total  return  on  total  assets"  after  taxes  (which  is  said  to  be  6.2 
percent  for  all  U.S.  manufacturing)  and  a  15  percent,  after  tax,  dis- 
counted cash  flow  rate  of  return  on  new  projects.  The  folowing 
?xample  illustrates  the  fallacy  inherent  in  such  a  comparison.  From 
the  LaRue,  Moore  &  Schafer  projections,  capital  expenditures  asso- 
ciated with  new  reserves  added  in  1973  were  $2,846  million.  If  the 
ifter  tax  rate  of  return  were  15  percent,  these  capital  expenditures 
would  produce  an  after  tax  profit  of  $2,434  million  over  a  26-year 
period.  The  "total  rate  of  return  on  total  assets"  after  taxes  would 
be  6.5  percent  per  year  (see  page  12) . 

b.  The  reserves  discovered  in  Alaska  (i.e.,  Prudhoe  Bay)  have  noth- 
ing whatever  to  do  with  economic  costs  in  other  areas  of  the  United 
States  which  to  date  have  produced  100  percent  of  the  nation's  oil. 
The  Prudhoe  Bay  field  is  expected  to  produce  1.6  million  barrels  a 
day,  or  about  10  percent  of  the  nation's  petroleum  requirements.  Even 
if  Prudhoe  Bay  had  been  included  along  with  the  remainder  of  the 
United  States,  economic  oil  costs  would  be  charged  for  the  year  in 
which  the  reserves  were  booked.  There  is  a  common  misconception 
that  Alaska  oil  is  cheap  oil.  Nothing  could  be  further  from  the  truth. 
Development  of  Alaskan  fields  will  be  far  more  expensive  than  com- 
parable fields  in  other  areas,  and  the  chance  of  finding  another  field 
the  quality  of  Prudhoe  Bay  is  extremely  small. 

c.  Sources  are  embraced  in  one  claim  and  discarded  in  the  next.  For 
3xample,  both  NPC  and  Foster  Associates  excluded  Prudhoe  Bay  in 
their  economic  studies,  although  both  knew  of  the  discovery. 

A  study,  dated  May  12, 1975,  by  the  reputable  Houston  firm  Butler, 
Miller  &  Lents  concludes  that  the  1973  cost  of  new  oil,  exclusive  of 
profits,  was  $9.83  per  barrel.  This  study  was  selectively  ignored  in  the 
Interior  staff's  analysis. 

3.  Interior  Staff  claim : 

"The  LaRue,  Moore  &  Schafer  study  only  addresses  the  question  of 
newly  discovered  oil."  It  provides  no  standard  for  pricing  old  oil, 
released  oil,  or  stripper  oil.  It  does  not  even  claim  to  provide  a  guide  to 
prices  required  for  secondary  and  tertiary  recovery. 

A  athan-LaPue  response : 

a.  The  LaRue,  Moore  &  Schafer  study  is  exactly  what  it  is  purported 
0  be—  a  study  of  the  economic  cost  of  each  j-ear's  new  oil  supplies.  It 
lias  nothing  whatever  to  do  with  old  oil,  stripper  oil,  and  released  oil, 
jwhich  are  all  constructs  of  government  policy.  Costs  of  new  oil  are 
mciicative  of  replacement  costs  of  existing  reserves;  without  replace- 
|Mt,  existing  reserves  are  in  liquidation.  ' 

^  b.  Secondary  reserves  and  related  costs  attributable  to  newly  dis- 
-.overed  oil  are  taken  into  account  in  yearly  projections.  Because  of  the 
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high  costs  involved,  there  will  be  no  significant  tertiary  recovery  at 
old  oil  prices. 

4.  Interior  Staff  claim :  t^  j      i 
The  study,  if  carried  to  its  conclusion,  would  suggest  that  a  Federal 

Power  Commission  type  cost-based  formula  should  be  adopted  for  oil 
pricing. 

Nathan-LaRue  response : 

The  study  was  carried  to  its  conclusion,  which  was  that  oil  costs 
more  to  find  and  develop  than  at  any  prior  time  in  our  history,  and 
that  the  petroleum  exploratory  effort  will  decline  if  the  selling  price 
of  oil  is  below  its  economic  cost,  as  defined  by  the  15  percent  rate  of 
return.  By  no  stretch  of  the  imagination  can  it  be  said  that  the  study 
suggests  that  a  cost-based  formula  for  oil  pricing  is  needed,  desirable, 
or  workable. 

5.  Interior  Staff  claim : 
The  LaRue,  Moore  &  Schafer  study  does  not  "relate  a  particular 

crude  oil  price  to  the  level  of  production  forthcoming  at  that  price." 

Nathan-LaRue  response : 

a.  The  pupose  of  the  study  was  to  examine  the  historical  trend  in  the 
economic  cost  of  new  oil  between  1959  and  1974.  Further,  a  comparison 
was  made  between  the  economic  cost  of  oil  and  its  selling  price,  and 
the  disparity  between  the  two  was  correlated  with  the  level  of  pe- 
ti'oleum  exploration  activity.  The  relationship  between  the  volume  of 
oil  that  can  be  discovered  as  a  function  of  its  cost  cannot  be  calculated 
with  any  degree  of  certainty  for  a  very  simple  reason :  no  one  knows 
what  is  underground  without  drilling  a  hole.  For  example,  Exxon 
and  its  partners  would  hardly  have  spent  $650  million  in  the  last  two 
years  offshore  Florida  had  they  known  that  their  lease  was  worthless. 
The  Navy  would  not  have  bothered  to  drill  its  $7  million  North  Slope 
well  on  the  Naval  Petroleum  Reserve  had  they  expected  a  dry  hole. 
While  the  absolute  volume  of  oil  cannot  be  estimated  as  a  function  of 
price,  reliable  qualitative  relationships  can  be  easily  seen. 

^Hien  the  economic  cost  of  oil  exceeds  its  selling  price,  exploratory 
drilling  for  oil  will  decline  and  ultimately  cease.  The  LaRue.  Moore 
&  Schafer  study  makes  abundantly  clear  that  just  such  a  decline  oc- 
curred between  1964  and  1973  when  industry  rates  of  return  fell  below 
15  percent.  During  this  period,  oil  well  drilling  fell  55  percent,  al- 
though it  was  a  period  of  rising  petroleum  demand.  An  increase  in 
activity,  the  first  in  10  years,  occurred  in  1974  only  when  economic  i 
prices  moved  up  to  approach  economic  costs.  Now  that  new  oil  costs  j 
have  been  increased  by  about  $1.90  per  barrel  (because  of  repeal  of  the 
depletion  allowance),  oil  exploration  programs  have  again  been  cut. | 

Regardless  of  new  oil  price,  the  United  States  will  find  it  extremely  | 
difficult  to  become  self-sufficient  in  crude  oil.  The  nation  can,  however,} 
maintain  its  present  degree  of  independence  in  oil  supplies  if  the  price  | 
for  new  oil  offers  an  incentive  for  exploration.  To  set  arbitrary  new ; 
crude  oil  prices  at  a  level  which  will  provide  less  than  the  maximum  i 
exploratory  effort  otherwise  attainable  is  sheer  folly. 

It  should  be  apparent  to  all  that  any  barrel  of  oil  we  do  not  find  be- 1 
cause  of  artificially  restricted  petroleum  exploration  must  be  pur-| 
chased  at  higher  cost  from  OPEC.  The  economically  "ruinous"  prices, 
which  should  concern  the  Interior  staff,  are  flat  prices  which  discour-  j 
age  to  any  extent  exploration  activity  which  would  normally  occur  in ; 
the  absence  of  controlled  prices. 
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(Note. — The  following  is  a  more  technical  discussion  of  "principle 
conclusion"  reached  by  the  Interior  staff  after  "careful  study."  These 
"conclusions"  are  in  reality  a  collection  of  assertions  based  on  incorrect 
intetrpretation  or  irrelevant  conjecture.) 

Comments  on  Principal  Conclusions  of  Senator  Jackson's 
Statement 

Wlien  the  staff  complains  that  the  method  used  in  the  LaRuc,  Moore 
&  Schafer  analysis  is  "comparable  to  those  used  by  corjiorate  planners 
in  assessing  the  likely  profitability  of  potential  investment",  and  sug- 
gests that  oil  "reserves  developed  in  earlier  and  less  expensive  periods" 
should  be  included  in  these  calculations,  it  demonstrates  a  profound 
misunderstanding  of  the  forces  that  drive  petroleum  exploratory  ac- 
tivity. Every  manager  is  obligated  to  invest  his  lirm's  capital  in  ven- 
tures which  produce  a  rate  of  return  suflicient  to  perpetuate  tJie  ex- 
istence of  the  firm.  The  fact  that  an  oil  company  may  have  certain 
reserves  which  it  can  produce  at  $1.00  per  barrel  has  nothing  whatever 
to  do  with  its  future  petroleum  exploration  ventures. 

The  exploration  manager's  judgments  are  necessarily  based  on  the 
extrapolations  of  his  past  experience,  and  trends  established  in  the 
last  ten  years  show  conclusively  that  oil  has  become  more  expensive 
to  jRnd  and  produce.  If  pro  forma  economics  of  new  drilling  ventures 
show  that  the  economic  cost  of  new  reserves  added  is  likely  to  exceed 
their  selling  price,  then  exploration  activity  will  decline  and  the  funds 
originally  slated  for  exploration  ventures  will  go  to  other  projects, 
some  of  which  may  be  outside  of  the  energy  industries.  The  search  for 
new  oil  may  be  financed  by  the  profits  from  old  reserves ;  however,  it 
is  absurd  to  think  that  profits  from  old  oil  will  subsidize  the  produc- 
tion of  new  oil  for  any  length  of  time,  and  that  producers  will  risk 
money  searching  for  oil  which  must  be  sold  at  prices  less  than  its  eco- 
nomic cost,  even  though  overall  company  operations  may  be  profitable. 

Leasehold  costs  are  regarded  by  the  Interior  staff  as  "transfer  pay- 
ments— unnecessary  as  a  cost  either  to  society  or  to  the  producers  who 
make  them."  They  further  suggest  that  the  fact  the  lease  were  ac- 
quired at  all  is  proof  that  the  producers  anticipated  that  prices  would 
be  sufficient  to  support  exploration,  development,  and  producin^r  costs. 
Apparently,  the  justification  for  these  statements  is  that  oil  price  de- 
termines the  amount  which  a  producer  can  bid  for  a  lease.  While  this 
argument  appeals  to  many  theoretical  economists,  it  has  no  place  in 
the  real  world,  and  in  particular,  it  cannot  apply  to  historical  studies 
where  oil  prices  have  been  constant. 

Leasehold  costs  are  incurred  at  the  very  front  end  of  an  exploratory 
program.  To  afford  protection,  an  operator  must  acquire  more  explor- 
atory riffhts  through  the  acquisition  of  leases  than  he  will  ultimate 
use,  and^most  of  the  leases  will  be  worthless.  Typically,  onshore  leases 
are  negotiated  with  landowners  who  set  their  askinjr  price  arbitrarily, 
and  will  not  accept  less.  The  offshore  leases  in  Federal  water?  are 
sold  by  sealed  bid.  and  the  government  of  the  United  States  ha?  the 
right  to  reject  anv  and  all  bids.  The  value  of  the  leases  prior  to  their 
drilling  is  extremely  difficult  to  determine,  and  is  subject  to  wide  vari- 
ation of  opinion,  as  demonstrated  by  the  spread  of  bids  on  any  offer- 
ing of  offshore  Federal  leases.  ^^Tiile  the  average  of  all  bid?  mav  be 
more  nearly  the  correct  value,  the  lease  is  not  sold  at  the  average  price, 
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but  to  the  top  bidder,  and  frequently  the  top  bidder  pays  too  much. 
Moreover,  many  reasonable  bids  are  rejected  by  the  Federal  agency. 
The  leases  may  be  worthless,  such  as  the  $632.4  million  block  of  acre- 
age in  the  Destin  anticilne  offshore  Florida,  but  producers  who  partic- 
ipated in  the  Destin  venture  can  hardly  be  called  foolish,  because  the 
quality  of  the  geologic  prospect  was  such  that  it  could  have  added 
materially  to  the  nation's  reserves.  Since  the  oil  companies  did  not 
get  their  money  back  from  the  government  after  the  leases  were 
2)rovcd  worthless,  these  leases  and  others  must  be  paid  for  by  the  com- 
panies themselves,  and  the  costs  to  the  producers  are  just  as  real  as 
those  paid  to  drilling  contractors.  Further,  these  costs  can  only  be 
charged  to  the  cost  of  new  oil,  because  they  were  incurred  in  the  search 
for  new  production  and  have  nothing  whatever  to  do  with  older 
resei-ves. 

To  say  that  lease  bonuses  paid  are  anticipatory  of  increased  oil 
prices  is  imrealistic.  Lease  costs  included  in  the  LaKue,  Moore  & 
Schafer  projections  for  the  year  1974  were  actually  those  expended 
in  the  year  1972.  Lease  costs  included  in  1973  projections  were  actually 
those  incurred  in  1971.  This  two-year  shift  was  made  in  order  to  place 
lease  and  drilling  costs  more  nearly  in  the  year  in  which  the  leases 
were  actually  drilled.  To  say  that  operators  in  1972,  after  more  than 
17  years  of  constant  oil  prices  (decreasing  prices  in  real  terms),  ex- 
pected oil  prices  to  rise  suddenly  to  over  $10  per  barrel  in  1974  and 
calculated  lease  bids  accordingly,  stretches  the  imagination.  It  should 
be  noted  that  oil  costs  increased  only  after  the  major  oil  companies 
lost  control  of  the  "cheap  foreign  oil"  from  OPEC  countries.  The 
payments  for  lease  bonuses  were  developed  over  a  period  of  near- 
contant  oil  prices,  and  the  lease  bonuses  were  justified  based  on  those 
prices  in  anticipation  of  greater  revenues.  What  the  Interior  staff 
chooses  to  ignore  is  that  during  the  period  between  1964  and  1974, 
drilling  of  oil  wells  dropped  over  50  percent,  and  the  exploration 
industry  was  in  the  process  of  liquidation.  Had  this  trend  continued, 
drilling  for  oil  would  have  ceased  in  the  early  1980's. 

TREATMENT    OF    NATURAL    GAS 

The  Interior  staff  alleges,  without  stating  its  authority,  that  the 
average  price  of  natural  gas  in  intrastate  sales  in  1974  was  already 
over  $1.00  per  Mcf,  implying  that  the  coproduct  credit  for  natural 
gas  as  applied  in  oil  should  be  at  least  $1.00.  Factors  the  staff  fails 
to  take  into  consideration  are  that  many  of  the  new  oil  discoveries  are 
m  oil  areas  where  only  interstate  markets  exist.  Gas,  unlike  oil,  is  com- 
monly sold  on  long-term  contracts,  and  much  of  the  gas  and  oil  pro- 
duced in  the  areas  is  already  dedicated  under  old  contracts.  Further, 
tlie  staff  fails  to  note  that  natural  gas  produced  from  oil  wells  does 
not  have  the  same  value  as  gas  produced  from  gas  wells.  Oil  wells 
typically  produce  small  quantities  of  gas  at  low  pressure,  requiring 
expensive  gathering,  compression,  and  treatment  before  it  can  be  sold. 
A  portion  of  the  gas  is  used  for  lease  fuel  and  is  therefore  not  avail- 
able for  sale.  The  44.9  cents  selling  price  for  new  oil  well  gas  used  in 
the  LaKue,  Moore  &  Schafer  study  is  probablv  on  the  high  side  of 
l)rices  actually  received  by  producers  in  1974.  But  even  if  the  price 
wore  doubled,  the  economic  cost  of  new  oil  would  be  reduced  by  only 
•>  percent. 
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... 
'^  Another  erroneous  alleoation  is  tliat  costs  attributed  to  exploration 
V  new  oil  were  responsible  for  discovery  of  non-associated  ^as  re- 
J.Tves.  Exploratory  wells  being  drilled  for  oil  production  occasionally 
'nd  non-associated  gas  reserves.  Similarly,  exploratory  wells  being 
'rilled  for  natural  gas  occasionally  discover  new  oil  deposits.  The 
oint  Association  Survey  compiles  and  reports  the  cost  of  wells  by 
jitegor3%  oil  wells,  gas  wells,  and  dry  holes,  as  well  as  the  number  of 
|oles  drilled  in  each  category.  These  data  provide  a  definitive  basis  for 
llocating  exploration  costs  between  oil  and  gas  ventures.  Operating 
osts  are  allocated  to  oil  and  gas  wells  on  the  basis  of  the  number  of 
7ells  contemplated  in  each  categoiy.  Since  gas  wells  cost  less  to  operate 
aan  oil  wells,  this  procedure  tends  to  allocate  too  little  cost  to  produc- 
Qg  oil  wells,  and  therefore  tends  to  make  the  calculated  economic 
ost  of  new  oil  too  low,  which  is  just  the  opposite  of  the  interior  staffs' 
laim. 

USE  OF  RESERVE  FIGURES 

The  complaint  made  that  gross  reserves  additions  in  the  LaRue, 
^oore  &  Schafer  projections  do  not  include  the  full  amount  of  API 
evisions  in  each  year.  This  statement  demonstrates  a  total  lack  of 
mderstanding  of  what  reserve  revisions  are. 

Revisions  to  oil  reserves  have  generally  been  due  to  changes  in  re- 
erve  estimates  for  older  giant  fields  found  in  the  1920's  and  1930's. 
riiese  changes  in  estimates  come  about  through  improved  technology 
or  estimating  reserves  which  were  not  available  at  the  time  of  dis- 
overy,  and  through  the  installation  of  large  secondary  recovery  proj- 
cts.  Of  the  annual  reserve  adjustments  made  since  1967,  more  than 
0  percent  of  the  total  was  applicable  only  to  fields  discovered  more 
han  ten  years  before  the  date  of  adjustment,  and  more  than  50  per- 
ent  of  all  adjustments  made  since  1967  apply  to  fields  discovered 
)rior  to  1941.  These  revisions,  for  the  most  part,  apply  to  old  fields 
nd  have  little  or  no  bearing  on  the  quantity  of  new  oil  discovered 
hrough  drilling. 

While  the  LaRue,  Moore  &  Schafer  study  uses  a  constant  reserve 
ppreciation  factor  of  .75,  there  is  persuasive  evidence  that  the  factor 
aay  be  decreasing  and  the  estimates  of  reserves  are  overstated  for 
ecent  years,  Avhich  is  just  the  opposite  effect  of  that  claimed  in  the 
'nterior  staff's  statement.  Improved  well  logging  and  geographical 
ools  enable  reserves  to  be  defined  early,  as  evidenced  by  a  pronounced 
lecline  in  extensions  to  old  fields  beginning  in  1956.  Moreover,  since 
he  mid-1960's,  it  has  become  a  much  more  common  j^ractice  to  maxi- 
nize  ultimate  oil  recovery  by  installing  pressure  maintenance  equip- 
nent  early  in  the  life  of  the  field,  thereby  skipping  the  "secondary 
)hase"  and  adding  reserves  initally,  which  in  earlier  periods  would 
lave  been  added  through  revisons  many  years  later.  The  revision  fac- 
or  used  in  these  studies  does  take  into  account  future  secondary  re- 
erves  and  their  capital  requirements,  and  the  costs  of  installing  the 
econdar}^  processes  are  delayed  until  five  years  after  the  field's  devel- 
>pment.  Contrary  to  the  claim  made  in  the  Interior  staff  statement, 
he  treatment  of  revisons  used  in  the  LaRue,  Moore  &  Schafer  study 
ends  to  produce  reserve  estimates  which  are  too  high,  and  if  any- 
hing  would  cause  the  economic  oil  cost  to  be  understated. 


334 

CRITIQUE  OF  API  RESERVES 

Another  assertion  expressed  in  the  Interior  staff's  statement  is  that 
API  reserve  figures  "have  not  been  adjusted  to  take  into  account 
hi^rher  price  levels."  The  LaRue,  Moore  &  Schafer  study  investigated 
all  pertinent  and  available  historical  data  on  an  annual  basis.  Data 
on  reserves  added  by  drilling  plus  allocated  revisions  during  a  given 
year,  the  expenditures  for  that  year,  and  the  tax  structure  in  effect 
for  the  given  year  were  all  used  to  arrive  at  an  economic  price  per 
barrel  required  to  yield  a  15  percent  rate  of  return.  Thus,  reserves 
added  in  a  given  year  did  incorporate  the  economic  cost  and  condi- 
tions prevailing  for  that  year.  Future  speculative  reserve  adjustments 
due  to  price  increases  or  decreases  were  not  considered  predictable 
and  did  not  alter  investment  decisions  during  that  given  year.  In 
1974  when  oil  prices  were  higher,  the  reserves  added  by  drilling  were 
calculated  by  API  with  the  full  knowledge  of  the  prevaling  price 
structure.  Thus  reserves  added  by  drilling  during  1974  did  incorporate 
the  prevailing  ecoonmic  conditions  and  these  reserve  data  are  in- 
cluded in  the  report. 

THE  RATE  OF  RETURN 

In  its  statement  the  Interior  staff  submits  that  "total  return  on 
total  assets"  for  all  U.S.  manufacturing  industry  during  the  period 
between  1966  and  1974  averaged  6.2  percent.  Further,  the  staff  claims 
that  this  6.2  percent  is  numerically  comparable  to  the  15  percent  dis- 
counted cash  flow  rate  of  return  used  to  arrive  at  economic  cost  in  the 
LaRue,  Moore  &  Schafer  study.  The  technique  used  by  the  staff  in 
arriving  at  the  6.2  percent  was  to  take  from  the  Fortune  500  group 
after  tax  income,  add  net  indebtedness  times  prime  commercial  rate, 
and  divide  this  by  total  assets.  No  rationale  is  given  of  why  this 
number  even  remotely  resembles  a  discounted  cash  flow  rate  of  re- 
turn. However,  the  same  type  of  number  can  be  calcuated  for  each 
year  of  the  LaRue,  Moore  &  Schafer  projections,  all  of  which  contain 
prices  necessary  to  give  a  15  percent  discounted  cash  flow  rate  of  re- 
turn. A  comparison  of  these  numbers  is  as  follows : 

LaRue,  Moore  & 

Total  return  Schafer  rate 

on  total  calculated  on 

assets  same  basis  (a) 

1966 

1967 

1968. 

1969 

1970 

1971 

1972 

1973 .:. 

1974 

Total 6.2  6.5 

Sample  calculation:  Year  1974,  dollars  in  millions:  Assets  over  reserve  life:  54,632+0-^2= J2,316.  Annual  income 
after  taxes:  $4,241/27.58  yr=$153.8.  Total  return  on  total  assets:  $153.8^52,316  M00=6.6  percent. 

It  may  be  seen  that  the  total  rate  of  return  on  total  assets  as  defined 
by  the  Interior  staff  is  6.2  percent  for  the  period  between  1966  and  1974 
inclusive.  The  average  for  the  LaRue,  Moore  &  Schafer  data  when 
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6.2 

6.1 
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calculated  on  the  same  basis  for  new  projects  yields  6.5  percent.  A 
comparison  of  these  two  numbers,  6.2  percent  versus  6.5  percent,  hardly 
substantiates  the  staff's  claim  that  one  exceeds  the  other  by  a  factor 
of  "two  and  one-half."  "^ 

The  Foster  Associates  study  using  1967  and  earlier  data  puts  the 
estimated  return  on  book  capital  in  better  perspective.  According  to 
the  Foster  study '  the  estimated  return  on  book  capital  for  oil  reser- 
voirs was  7.2  to  8  percent  in  the  Gulf  of  Mexico,  11.9  percent  on  on- 
shore South  Louisiana,  and  7.2  percent  in  other  continental  United 
States.  The  author  further  states  that  "the  overall  rate  of  profitability 
of  current  outlays  for  finding  and  producing  hydrocarbons  is  less  than 
the  returns  on  capital  experienced  in  earlier  years  and  also  lies  below 
the  approximately  13  to  15  percent  rate  of  return  currently  earned  on 
book  capital  by  a  large  segment  of  U.S.  manufacturing  enterprises."  - 
The  discounted  cash  flow,  according  to  Foster,  for  oil  reservoirs  in 
the  Gulf  of  Mexico  during  the  same  period  was  estimated  to  be  from 
5.0  to  5.4  percent,  onshore  South  Louisiana  6.4  percent,  and  other  con- 
tinental U.S.  4.3  percent.  In  comparison,  the  discounted  cash  flow 
rate  of  return  for  the  five  year  period  ending  in  1968  from  the  LaEue, 
Moore  &  Schafer  projections  averages  6.6  percent  which  is  in  substan- 
tial agreement  with  the  Foster  estimates.  Moreover,  the  slightly  higher 
value  calculated  by  the  LaRue,  Moore  &  Schafer  model  shows  that 
economic  oil  cost  calculated  by  that  model  would  be  somewhat  lower 
than  those  which  would  be  calculated  by  the  Foster  and  Associates 
model.  An  inescapable  fact  was  that  the  rates  of  return  in  this  period 
were  not  sufficient  to  encourage  sustained  exploratory  activity,  and 
during  the  five  year  period  1964  through  1968,  drilling  for  oil  declined 
by  one-third. 

EXCLUSION    OF    THE    XORTH    SLOPE    OF    ALASKA 

The  North  Slope  of  Alaska  and  its  reserves  have  nothing  whatever 
to  do  with  the  historical  economic  cost  of  crude  petroleum  in  the  re- 
mainder of  the  producing  areas  in  the  L^nited  States  which  have 
yielded  100  percent  of  the  nation's  production  to  date.  If  the  reserves 
in  the  Prudhoe  Bay  field  should  indeed  prove  less  costly  than  those 
from  the  remainder  of  the  nation,  this  still  has  no  bearing  on  what 
future  economic  cost  will  be  in  the  Gulf  of  Mexico,  Louisiana,  or 
Texas,  or  California  or  any  other  of  the  more  mature  producing  areas. 
It  is  exceedingly  naive  to  assume  that  Alaska  oil  will  be  cheap,  and 
there  will  be  no  need  for  additional  exploration  in  the  traditional  pro- 
ducing areas  because  all  future  needs  will  be  met  by  Alaska.  The  addi- 
tion of  the  Prudhoe  Bay  reserves  were  of  great  significance  to  three 
major  domestic  oil  companies,  and  do  not  in  the  least  affect  the  re- 
mainder of  the  nation's  producers,  particularly  the  independents.  Even 
the  three  major  U.S.  producers  that  share  the  Prudhoe  Bay  reserves 
are  faced  with  the  same  costs  in  the  remainder  of  the  country  as  all 
of  their  competitors.  The  suggestion  that  funds  were  drawn  away 
from  the  lower  48  states  by  the  lure  of  Alaska  between  1968  and  1973 

1  Foster  &  Associates,  "The  Role  of  Petroleum  and  Natural  Gas  From  the  Outer  Con- 
tinental Shelf."  U.S.  Gov't  Printing  Office  1970,  page  161. 
*  Ibid,  p.  161. 
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makes  little  sense  in  light  of  the  drilling  and  exj)loratory  activity  in 
Alaska  during  those  years. 

DEPLETION   ALLOWANCE 

The  Interior  staff  attempts  to  brush  away  as  insignificant  the  loss  of 
depletion  allowance  to  the  nation's  major  producers.  Eliminating  the 
depletion  allowance  for  1974  would  have  increased  the  economic  oil  cost 
by  $1.90  per  barrel,  an  amount  which  is  hardly  insignificant.  The  im- 
portance of  this  loss  to  the  petroleum  industry  is  emphatically  dem- 
onstrated by  the  cuts  in  exploration  programs  and  budgets  made  by 
major  producers  following  the  repeal  of  the  depletion  allowance. 
Stated  another  way,  loss  of  the  depletion  allowance  has  again  pushed 
the  economic  cost  of  new  oil  to  a  level  above  its  selling  price  and  ex- 
ploration activity,  as  a  consequence,  has  begun  to  decline  from  what  it 
would  have  been  had  depletion  allowance  remained  at  the  1974  level. 

CONCLUSION 

The  Interior  staff  judges,  apparently  more  from  intuition  than  facts, 
that  the  economic  cost  of  oil  was  really  lower  than  that  testified  to  by 
Robert  Nathan.  To  arrive  at  such  a  conclusion  one  must  ignore  the 
activity  levels  in  United  States  exploration  which  began  to  decline 
when  the  discounted  rate  of  return,  as  defined  by  Mr.  LaRue,  Moore  & 
Schafer,  dropped  below  15  percent  and  which  was  reversed  only  after 
the  oil  price  increased  above  the  economic  cost.  Tlie  facts  lead  to  only 
one  possible  conclusion :  that  is,  that  any  barrel  of  oil  we  fail  to  pro- 
duce by  virtue  of  reduced  exploratory  levels  brought  about  by  reduc- 
ing new  oil  prices  to  levels  below  OPEC  prices  must  in  the  foreseeable 
future  be  replaced  by  OPEC  oil  at  a  greater  price.  To  say  that  we  do 
not  need  new  domestic  supplies  which  cost  more  than  $8.00  or  $10.00 
per  barrel,  and  then  to  turn  around  and  buy  $13.00  oil  from  Arab  coun- 
tries to  make  up  the  difference,  flies  in  the  face  of  all  reason. 

The  staff  claims  that  the  U.S.  regulatory  system  left  domestic  pro- 
ducers, consumers,  and  the  Government  alike  unaware  of  growing  de- 
ficiency in  dometstic  supply  until  it  created  spot  shortages  in  1973. 
1'his  simply  is  not  so.  Repeated  Avarnings  issued  by  industry  spokes- 
men and  private  research  groups  were  drowned  out  by  voices  calling 
for  more  cheap  foreign  oil.  Now  these  same  voices  call'for  more  cheap 
domestic  oil.  There  is  no  more  cheap  domestic  oil,  and  had  there  not 
been  a  substantial  price  increase,  within  20  years  there  would  have 
been  no  domestic  petroleum  exploration  industry. 
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INTERIOR  COMMITTEE  STAFF  RESPONSE  TO  COMMENTS  OF 
ROBERT  NATHAN  AND  JOHN  LaRUE 

The  best  rebuttal  to  the  response  of  Robert  Nathan  and  John  LaRue 
to  the  Committee  staff's  critique  of  their  testimony  and  analysis  is  a 
careful  rereading  of  that  critique.  Many  of  the  arguments  made  by 
Nathan  and  LaRue  in  their  response  were  actually  dealt  with  in  the 
Committee  staff's  review  of  the  original  Nathan-LaRue  presentation. 
The  Nathan-LaRue  response  in  many  places  simply  acknowledges  the 
restrictive  assumptions  of  their  orginal  testimony  and  analysis.  Com- 
mittee staff  had  emphasized  that  these  restrictive  assumptions  were 
critical  in  limiting  the  usefulness  of  the  Nathan-LaRue  approach  as 
a  guide  to  national  oil  price  policy.  In  other  places  the  Nathan-LaRue 
repl}'  is,  in  our  opinion,  simply  wrong,  insisting  upon  reasoning  tliat 
fails  to  respond  at  all  to  the  Committee  Staff  criticism,  or  to  take 
account  of  the  economics  of  the  petroleum  industry  or  elementary 
accounting  principles. 

Leaving  aside  the  more  arcane  issues  of  interest  only  to  specialists 
and  assuming  for  the  moment  that  their  "economic  price"  calculations 
are  technically  correct,  the  Nathan-LaRue  presentations  still  provide 
no  guide  as  to  what  the  price  of  crude  oil  ought  to  be.  LaRue,  Moore 
and  Schafer  purported  to  find,  for  oil  reservoirs  discovered  in  each 
year  from  1958  to  1974,  the  crude  oil  price  which  would  provide  a  15 
percent  after-tax  return  on  the  total  investment  committed  to  finding 
and  developing  those  reservoirs.  This  return  is  achieved  in  the  Nathan- 
LaRue  model,  however,  only  on  the  assumption  that  the  calculated 
price  for  each  year  prevails  for  the  entire  productive  life  of  the  reser- 
voirs found  in  that  year. 

Only  a  pricing  system  that  provides  different  prices  for  oil  reflect- 
ing the  "vintage"'  of  discovery  is  clearly  consistent  with  the  logic  of 
the  Nathan-LaRue  argument.  Such  a  system  would  provide  several 
"tiers"  of  petroluem  prices.  With  an  "economic  price"  that  rises  from 
$2.86  per  barrel  for  oil  found  in  1958  to  $12.84  for  oil  found  in  1974, 
what  other  pricing  scheme  could  possibly  meet  the  LaRue-Nathan  rate 
of  return  criterion  for  every  year's  discoveries  ?  The  LaRue-Nathan  re- 
sponse seems  to  imply  that  all  crude  oil,  regardless  of  when  it  was  dis- 
covered, should  command  in  each  year  that  j'ear's  "economic  price" 
for  new  oil.  If  prices  really  behaved  this  way,  however,  producers 
would  consistently  earn  truly  awesome  rates  of  return,  far  in  excess 
of  the  already  exceptional  15  percent  on  total  investment  assumed  in 
LaRue's  analysis. 

The  main  issue  in  the  present  debate  over  oil  pricing  policy  is 
whether  the  production  from  oil  reserves  developed  before  1973  in 
anticipation  of  prices  in  the  $3  to  $4  range  should  be  priced — 

(1)  at  approximately  their  historical  costs,  including  a  "fair"' 
return  to  producers 

(2)  at  approximately  their  projected  replacement  costs;  or 
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(3)  at  the  current  world  market  price  (which  may  or  may  not 
approximate  the  replacement  costs  of  domestic  energy),  or  even 
higher. 

This  choice  involves  tradeoffs  among  equity  between  producers  and 
consumers,  the  stability  of  the  general  price  level  and  the  general 
health  of  the  economy,  efficient  resource  allocation,  equity  among 
classes  of  consumers,  energy  conservation  and  energy  self-sufficiency. 
The  correct  policy  is  not  immediately  obvious,  and  there  are  respect- 
able lines  of  analysis  and  argument  supporting  each  of  the  three  broad 
principles  of  oil  pricing  policy.  But  as  the  Committee  Staff  critique 
pointed  out  and  as  Nathan  and  LaRue  acknowledged  in  their  response, 
they  have  not  addressed  this  central  issue. 

Nathan  and  LaRue  admit  that  presentations  do  not  provide  any 
support  for  a  policy  of  decontrolling  the  price  of  old  oil  (or,  for  that 
matter,  for  continuing  controls).  They  are  also  frank  to  stipulate  that 
they  liave  not  even  tried  to  estimate  how  much  new  oil  would  in  fact  be 
discovered  and  produced  if  its  current  price  were  about  equal  to  the 
estimated  "economic  price" — a  situation  that  seems  to  prevail  right 
now.  It  is  clear,  therefore,  that  the  LaRue,  Moore  &  Schafer  exercise 
is  essentially  irrelevant  to  debate  now  being  carried  on  over  crude  oil 
price  policy. 

However,  although  the  specific  policy  inferences  of  the  Nathan  and 
LaRue  presentations  are  impossible  to  p)in  down,  their  broad  thrust  is 
unmistakable:  they  seek  to  create  a  climate  favorable  to  higher  oil 
prices,  regardless  whether  the  oil  is  "new",  "old"  or  whatever.  This, 
of  course,  is  the  understandable  hope  of  Mr.  Nathan's  clients,  the 
"Small  Producers  for  Energy  Independence",  and  this  is  the  reason 
they  commissioned  the  study.  It  is  this  thrust  and  this  purpose  which 
required  us  to  comment  upon  the  upward  biases  in  the  study's  methods 
and  assumptions,  despite  the  Committee  Staff's  conviction  that  cor- 
rection of  these  biases  would  still  leave  us  without  a  correct  price  or  a 
correct  price  policy. 

These  comments  will  touch  briefly  here  on  only  two  of  the  most 
crucial  points  on  which  Nathan  and  LaRue  have  defended  their 
analysis — the  treatment  of  lease  acquistion  costs,  and  the  choice  of  a 
discount  rate — and  suggest  again  that  the  reader  return  to  our  original 
critique  to  judge  the  correctness  and  weight  of  their  other  defenses. 

Lease  acquisition  costs.  Nathan  and  LaRue  simply  restate  the  origi- 
nal rationale  for  including  all  lease  acquisition  costs  as  part  of  the 
industry's  economic  cost  for  crude  oil.  It  is  true,  as  they  maintain,  that 
each  individual  producer  faces  these  charges  as  given,  indispenable 
costs  of  exploration.  But  the  amount  he  must  offer  to  governments, 
Federal  or  State,  or  to  private  landholders  for  the  rights  to  drill  is 
determined  by  the  competition  for  the  tract  in  question.  That  competi- 
tion is  in  turn  determined  on  the  one  hand  by  the  attractiveness  of  each 
tract  and  on  the  other  hy  the  expected  pHce  of  crude  oil.  In  other 
words,  higher  oil  prices  mean  that  companies  as  a  group  will,  and  as 
individuals  must,  bid  more  for  leasehold  rights. 

In  a  competitive  market  for  lease  acreage — and  all  evidence  points 
to  a  conclusion  that  this  market  is  indeed  workably  competitive — 
producers  will  offer  lease  payments  equal  to  the  discounted  value  of 
the  difference  between  all  other  costs  (including  the  necessary  return 
to  capital)   and  their  expected  revenues  from  the  sale  of 'oil  and 
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pas.  The  implication  of  this  fact  is  that  the  LaRue,  Moore  cC'  Schafer 
approach  is  completely  cirmlar.  If  all  the  other  variables  are  speci- 
fied correctly,  their  approach  will  ahrays  tend  to  produce  estimates 
of  an  ''economic  price*' — including  bonuses  and  other  leasehold  costs — 
that  are  just  about  equal  to  the  prices  industry  expects  to  prevail 
over  the  economic  life  of  new  discoveries.^ 

To  state  the  preceding  point  a  bit  differently,  competition  will 
alwa^'s  tend  to  bid  up  the  price  of  leases  to  the  level  at  which  costs 
equal  expected  revenues.  The  logic  of  the  LaRue  approach  w^ould, 
coincidentally,  generate  an  "economic  price"  for  Persian  Gulf  crude 
oil  just  about  equal  to  the  OPEC  price.  But  that  exercise  would  be  no 
more  and  no  less  useful  as  an  indication  of  the  appropriateness  of  the 
OPEC  price  than  the  Xathan-LaRue  exercise  is  for  determining  what 
the  real  costs  are  for  new  oil  in  the  United  States. 

The  rate  of  retuni,  Nathan  and  LaRue  do  not  really  try  to  defend 
their  choice  of  a  15  percent  after-tax  rate  of  return  on  total  invest- 
ment as  a  representative  measure  of  the  profitability  of  investment 
in  the  United  States  economy.  They  offer  no  response  to  Committee 
Staff's  comment  that  15  percent  after  taxes  is  a  common — and  prob- 
ably appropriate — standard  for  judging  individual  prospective  in- 
vestments, but  that  no  industry  realisticall}'  hopes  to  achieve  such  a 
return  on  the  whole  of  its  assets. 

Statistics  are  not  available  on  the  discounted  cash  flow  (DCF) 
rates  of  return  earned  on  new  investment  in  different  industries,  and 
there  would  be  serious  conceptual  and  data  problems  in  producing 
such  statistics.  In  the  years  since  financial  statistics  have  been  as- 
sembled, however,  few  industries  have  ever  achieved  a  rate  of  return 
as  high  as  15  percent  on  total  book  capital.  As  Committee  Staff 
pointed  out  in  its  critique,  the  average  figure  for  all  manufacturing 
industry  over  the  years  1906  to  1974  was  about  6  percent. 

It  was  also  observed,  however,  book  rates  of  return  would  tend 
to  exceed  DCF  rat^s  of  return  in  periods  of  rapidlv  rising  prices 
(because  of  the  undervaluation  of  capital  consumption  allowances 
and  of  the  costs  of  replacing  inventories).  Indeed  the  Foster  Associ- 
ates study  of  1967,  to  which  Nathan  and  LaRue  refer  in  their  response 
to  Committee  Staff',  states  (p.  161)  that  ''w^ith  few  exceptions  the 
DCF  technique  will  show  lower  measures  of  return  than  the  more 
traditional  financial  accounting  measures."  Staff'  reasoned,  therefore, 

>^lt  would  be  corrwt  in  certain  otiier  kinds  of  nunlt^ls  for  estimjitlnjr  marginal  (as 
opposed  to  avenifjt)  crude  oil  production  costs,  to  include  lease  acquisition  charires  as  part 
of  these  costs,  according  to  the  following  logic  :  The  marginal  producing  property  or  ex- 
ploration prospect  is  one  on  •nhich  expected  costs  and  revenues  (either  in  total  or  per 
barren  are  just  equal.  The  asset  value  of  such  a  property  or  prospect  is  essentially  zero, 
and  no  operator  or  explorer  will  pay  any  lease  acquisition  charge  for  It.  On  the  other 
hand,  any  supraniargiual  property  or  prospect;  (one  \vhere  costs,  including  a  competitive 
return  to  capital,  are  expected  to  be  /e.<s  than  revenues)  will  have  a  positive  asset  rahie, 
and  some  operator  or  explorer  will  be  willing  to  pay  a  price  up  to  or  equal  to  that  value 
in  order  to  obtain  a  lease. 

Within  this  frame  of  reference,  the  expected  marginal  cost,  that  is.  the  cost  of  oil 
from  the  marginal  property  or  prospect,  is  just  equal  to  its  expected  price  (both  dis- 
counted to  the  present).  For  each  supramarginal  property  or  prospect,  therefore,  the  ex- 
pected cost  of  production  (discounted  to  the  present)  p/».s'  its  present  asset  value 
(='POtential  lease  acquisition  charges)  equals  the  expected  oil  price  (discounted  to  the 
present),  which  in  turn  equals  the  whole  industry's  marginal  cost.  By  aggregation,  then, 
the  sum  of  all  costs  other  than  lease  acquisition  charges,  plus  the  sum  of  all 
lease  acquisition  charges,  divided  by  total  production  (all  discounted  to  the  same  point  in 
time)  Is  equal  to  marginal  cost.  While  this  approach,  which  Is  Jiot  used  by  LaAue,  et  ah, 
as  a  bass  for  including  lease  acquisition  charges  in  economic  costs,  would  be  vald  ac- 
counting and  economic  framework  for  analysis,  It  would  still  provide  no  way  out  of  the 
circularity  of  their  logic. 
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that  the  discount  rate  used  by  LaRue,  Moore  &  Schaf  er  was  one  which 
would,  if  achieved  as  a  DCF  rate  of  return,  make  the  oil  industry  far 
more  profitable  in  real  terms  than  the  industries  with  which  it  has 
to  compete  for  investment  capital.  LaRue  and  Nathan  respond  only 
with  the  very  point  Committee  Staff  made — that  DCF  and  book  rates 
of  return  are  not  the  same  thing,  and  imply  that  they  are  not  even 
remotely  related. 

To  make  this  last  point  LaRue  and  Nathan  resort  to  a  bizarre 
calculation — which  makes  no  adjustment  of  total  investment  for  de- 
2)reciation  or  depletition,  nor  any  allowance  for  the  tax  deductibility 
of  interest  expense — purportedly^  showing  that  their  model  produces 
a  total  return  to  book  capital  invested  in  1974  reserves  of  6.5  percent, 
a  result  not  markedly  different  from  the  comparable  figure  for  all  U.S. 
manufacturing.  A  correct  calculation  of  books  returns  from  their  table 
results  in  strikingh^  different  figures. 

Rearranging  the  data  in  LaRue,  Moore  &  Schafer's  cash  flow  table 
for  1974  discoveries  into  the  format  of  a  conventional  income  state- 
ment produces  an  average  return  on  total  book  investment  of  13.9 
percent  OA'er  the  first  10  years  of  production.  Assuming  that  45  per- 
cent of  invested  capital  was  borrowed  (the  average  1974  figure  for 
the  oil  companies  in  the  Fortune  500  was  49.8  percent)  at  an  average 
rate  of  9  percent,  the  book  return  on  stockholders'  equity  over  the  first 
10  years  of  production  would  have  been  17.8  percent.  In  view  of  the 
fact  that  these  earnings  figures  are  predicated  on  constant  prices  (and 
thereby  represent  a  real  as  opposed  to  a  nominal  rate  of  return) ,  $12.84 
per  barrel  for  new  oil  would  seem  to  offer  an  exceedingly  attractive 
investment  prospect. ^ 

No  one,  to  our  knowledge,  has  claimed  to  know  what  oil  prices  would 
have  been  just  sufficient  over  the  past  decade  or  two  to  bring  forth  the 
amount  of  domestic  exploration  investment  that  retrospectively  seems 
to  have  been  desirable.  This  question  may  be  fundamentally  unan- 
swerable, and  conditions  have  changed  so  much  in  the  last  two  years 
tliat  the  answer  might  be  of  little  value  if  it  were  known.  The  amount 
of  future  exploration  effort  and  discovery  that  would  be  brought 
forth  by  alternative  oil  prices  is.  however,  an  issue  of  the  greatest  im- 
poi'tance,  for  which  even  a  broadly  approximate  answer  would  be  use- 
ful. It  would  be  pleasing  to  be  able  to  state  that  the  labors  of  Nathan 
and  the  LaRue  irroup  have  resulted  in  progress  along  the  path  to  such 
an  answer.  Unfortunately  we  cannot  honestly  make  such  a  statement. 

-  See  the  appended  tables  1  and  2.  Table  1  computes  the  book  rate  of  return  to  stock- 
holders equity  and  the  total  return  (net  income  after  taxes  plus  interest  expense)  on  total 
hook  capital  for  1074  reserve  additions,  directly  from  LaRue.  Moore  &  Schafer's  tables. 
Table  2  assumes  that  oil  and  jras  prices,  operating  costs  and  the  costs  of  new  investment 
Hn  secondary  recovery)  all  advance  at  7  percent  per  year,  and  that  no  percentage  de- 
pletion is  allowed  in  computation  of  federal  income  taxes.  In  both  cases,  debt  Is  43  percent 
of  total  investment,  and  interest  cost  averaires  9  percent.  The  inflation  assumption  in- 
croasos  book  rates  of  return  considerablv.  even  without  the  depletion  allowance.  Table  2 
frlves  a  book  rate  of  return  on  equity  of  24  percent  on  stockholders'  equity  and  17.6  per- 
■  cent  on  total  assets  over  the  first  ten  years  of  production. 
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AN  EXAMINATION  OF  "WINDFALL  PROFITS  TAX**  ON  OIL  AND  GAS 

PRODUCTTION 

(By  Martiu  G.  Miller  and  Max  R.  Lents) 

Objective 

The  purpose  of  the  following  is  to  examine  and  comment  upon  the 
proposals  now  being  considered  by  committees  of  the  Congress  with 
regard  to : 

A  "Windfall  Profits  Tax"  on  oil  and  gas  production  discovered 
prior  to  December  1,  1973.  Said  tax  to  be  levied  against  such 
production  which  is  sold  at  prices  exceeding:  Oil — $4.95  per  Bbl. ; 
Gas— $0.94  per  MCF. 
The  Domestic  Oil  Industry  as  discussed  herein  is  limited  to  those 
activities  and  data  pertaining  to  the  oil  industry  in  the  United  States, 
exclusive  of  the  recently  discovered  (1968)  North  Slope-Prudhoe  Bay 
Area  of  Alaska.  The  latter  area  is  excluded  from  consideration  because 
the  expenditures  associated  therewith  to  date  in  no  way  reflect  the  costs 
which  will  bo  eventually  incurred  because  of  the  difficult  and  unknown 
problems  that  will  be  associated  with  developing,  operating,  and  trans- 
porting oil  and  gas  from  this  remote  area  which  is  subject  to  climatic 
conditions  not  heretofore  experienced  in  actual  practice.  This  reserva- 
tion should  in  no  way  be  interpreted  as  casting  an  adverse  opinion  as 
to  the  merits  and  ultimate  value  of  these  activities  in  Alaska.  However, 
at  this  writing  such  oil  and  gas  reserves,  their  magnitude  and  asso- 
ciated costs  (actual  and  estimated)  should  not  be  included  in  a  consid- 
eration of  the  data  pertaining  to  the  Domestic  Oil  Industry  as  defined 
I  here. 

INTRODUCTION 

I       Before  forming  a  judgment  with  regard  to  the  idea  of  levying  a 
!  '"windfall  profits"  tax  on  the  domestic  oil  industry,  it  is  desirable  to 
examine  certain  facts  with  regard  thereto  for  the  purpose  of  determin- 
ing whether  or  not  a  situation  exists  that  justifies  such  a  tax. 
i       It  is  our  view  (]Max  R.  Lents  cand  Martin  G.  Miller)  that  a  correct 
I  and  elemental  method  with  which  this  problem  may  be  analyzed  is 
analagous  to  the  effect  of  inventory  accounting  upon  the  stated  profits 
of  many  public  corporations. 

It  is  generally  acknowledged  that  many  company's  profits  were  over- 
stated during  the  last  three  quarters  of  1974  because  of  inventory 
profits.  This  overstatement  occurred,  of  course,  because  in  periods  of 
rapidly  rising  prices  firms  tend  to  make  a  profit  on  the  increase  in  value 
of  their  inventories,  whether  raw  materials,  goods  in  process  of  being 
manufactured,  or  finished  products.^  Such  inventory  profits  were  esti- 
mated by  the  U.S.  Department  of  Commerce  to  be  at  an  annual  rate  of 
$37.3  billion  during  the  second  quarter  of  1974 — nearly  one-third  of  all 
pretax  profits  of  non-financial  corporations.^ 

»  Please  refer  to  First  National  City  Bank  Monthly  Economic  Letter,  August  1974,  for 
a  discussion  of  Inventory  profits  from  which  this  was  derived. 
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Corporations  using  the  "First  In  First  Out"  (FIFO)  method  of 
accounting  for  inventories  show  such  "phantom  profits"  as  income  for 
book  purposes  and,  as  a  result,  a  very  large  number  of  such  companies 
changed  during  1974  to  the  accounting  basis  where  the  value  of  the 
last^  rather  than  the  first,  unit  of  raw  material  bought  for  manufac- 
turing or  goods  purchased  for  sale  was  charged  to  expense  in  order  to 
avoid  an  overstatement  of  earnings  during  the  time  when  the  price  of 
raw  materials  or  goods  sold  was  rapidly  increasing.  The  latter  ac- 
counting method  for  inventories,  of  course,  is  referred  to  as  Last  In 
First  Out  or  (LIFO). 

At  the  risk  of  being  repetitive,  when  prices  are  rising  the  profits  of  a 
FIFO  corporation  are  an  illusion  to  the  extent  that  the  cost  of  the  last 
goods  purchased  for  inventory  exceeds  the  cost  of  the  first  inventory 
goods  purchased  since  the  company  must  at  once  replace  such  lower 
cost  goods  with  goods  at  the  higher  price  or  liquidate  its  business. 

The  production  of  oil  and  gas  is  the  activity  at  which  the  "Windfall 
Profits"  tax  is  directed  and  it  is  only  this  activity  which  is  considered 
and  referred  to  herein  as  the  "producing  business".  Most  oil  companies 
are,  of  course,  engaged  in  many  manufacturing  and  marketing  activi- 
ties utilizing  oil  and  gas  as  raw  materials  to  which  the  "windfall 
profits"  is  not  applied  and  with,  which  we  are  not  concerned  here. 

The  stock  in  trade  of  the  producing  business  is  oil  and  gas,  which 
are  obtained  by  exploration  and  development.^  The  developed  under- 
ground supplies  of  oil  and  gas  are  referred  to  as  "reserves"  and  are 
the  inventories  which  must  be  maintained  or  increased,  if  the  domestic 
producing  companies  are  to  stay  in  business.  Domestic  Oil  Reserves 
(underground  inventories)  represented  about  8  years''  supply  at  the 
1973  producing  rate.  Ahoveground  oil  inventories  at  that  time  were 
negligible,  being  about  O.S  percent  of  underground  oil  reserves.  Do- 
mestic Gas  Reserves  were  equal  to  about  10  years''  supply  at  the  1973 
producing  rate.  Xo  gas  is  inventoried  aboveground  by  producing  com- 
panies and,  for  practical  purposes,  this  is  true  of  all  industry. 

To  our  knowledge  the  publicly  stated  profits  of  producing  compa- 
nies do  not  fully  reflect  the  present  cost  of  replacing  oil  and  gas  pro- 
duced and  sold  or  used.  Accepted  accounting  methods  vary  consider- 
ably but  usually  fall  within  two  categories:  (1)  ^''Successful  Efforts'^'' 
Accounting — Substantially  all  exploration  costs  (dry  holes,  aban- 
doned leases,  delay  rentals,  etc.)  are  currently  expensed  and  produc- 
tive development  costs  are  capitalized  and  amortized  over  the  useful 
life  or  on  a  unit  of  jDroduction  basis.  (2)  '■''Full  Cosf^  Accounting — 
All  exploration  and  development  costs  are  capitalized  and  amortized 
on  a  unit  of  production  basis. 

]\Iethod  (2)  treats  the  weighted  average  historical  cost  of  finding 
and  developing  oil  and  gas  as  an  expense  of  producing  oil  and  gas  dur- 
ing the  year.  Method  (1),  more  generally  used  by  older,  large  compa- 
nies, treats  only  a  relatively  small  portion  of  past  exploration  costs 
of  finding  oil  and  gas  (most  of  those  costs  having  been  expensed  in 
previous  years)  and  also  only  a  portion  of  past  development  costs  as 
an  expense  when  the  oil  and  gas  are  produced.  In  connection  with  the 
development  costs  it  is  significant  to  note  that  about  60  percent  of 

*  Or  by  purchase  of  developed  or  partially  developed  underground  reserves. 
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the  Domestic  Oil  Reserves  are  contained  in  99^  (iriant)  fields,  the 
average  discovery  date  *  of  which  is  193G  or  39  years  ago.  Obviously. 
in  the  situation  where  the  weighted  average  reserve  has  an  age 
of  39  years  the  development  costs  have  been  largely  amortized  or 
depreciated. 

"  In  connection  with  the  Method  (1)  companies,  it  is  significant  to 
note  that  their  holdings  in  the  older  "giant  fields'-  mentioned  above 
are  substantial:  and  further,  the  published  statements  of  ^lethod  (1) 
companies  do  not  show  the  actual  current  cost  of  replacing  oil  and  gas 
reserves.  This  is  true  because  a  substantial  portion  of  thecost  of  find- 
ing these  reserves  (which  were  discovered  and  developed  some  4<^ 
years  ago)  was  either  initially  expensed  in  prior  years  or  has  now  been 
,  substantially  written  otf.  Although  ^Method  (1)  companies  also  ex- 
pense certain  current  year  exploration  costs,  this  only  reflects  the 
current  year  level  of  exploration  activity,  and  it  is  not  directly  re- 
i  lated  to  the  quantities  of  reserves  produced. 

It  is  obvious  that  the  accounting  statements  of  neither  Method  (1) 
nor  ]\Iethod  (2)  companies  show  the  current  cost  of  replacing  under- 
ground inventories  as  an  expense. 

'  Past  and  present  government  regulations  of  gas  prices  and  current 
]  government  regulations  of  oil  and  natural  gas  liquids  prices  preclude 
;the  generation  of  internal  fimds  sufficient  to  replace  undergi'oimd  in- 
■ventories  of  such  products. 

!  In  the  past  ten  years  the  tmdergi^ound  inventories  of  Domestic  Gas 
,  Reserves  have  declined  from  an  IS  years'  supply  to  a  10  years"  sup- 
ply. During  the  same  period  underground  Domestic  inventories  of  oil 
have  declined  from  a  12  years'  supply  to  an  8  years'  ^  supply  based  on 
Domestic  oil  consiunption  and  production,  despite  increasing  importa- 
tion of  oil  from  foreign  sources. 

Si3i:MARr  AXD  Conclusions 

We  asked  two  questions  in  order  to  examine  the  validity  of  the 
windfall  profits  tax  concept.  These  questions  and  the  answers  reached 
are: 

1.  '\Miat  was  the  cost  to  the  Domestic  Oil  Industry  of  finding 
and  making  available  new  oil  to  replace  old  oil  removed  from 
underground  inventories  during  1973  ? 

Answer:  Data  applicable  to  the  Domestic  Oil  Industry  as  a 
whole  indicate  that  the  cost  during  1973  of  finding  and  making 
available  new  oil  to  replace  old  oil  removed  from  undergroupnd 
inventories  was  in  excess  of  $9  per  barrel.  This  is  without  anij 
alloicance  for  interest  or  profit  on  the  funds  invested  to  acquire 
this  new  underground  inventory. 

If  the  Domestic  Oil  Industry  had.  during  1973.  used  the  LIFO 
method  of  accounting  and  charged  to  expense  the  value  of  oil 
inventorv  sold  at  t\\Q^$9.83  replacement  cost,  it  is  obvious  that  oil 
industrv  profits  would  have  been  substantially  less  than  reported. 
No  "Windfall  Profits",  of  course,  would  have  occurred. 


ssoTirce 'American  Petroleum  Institute,  published  in  Oil  &  Gas  Journal.  April  21.  1975. 

*Thls  date  is  weighted  -with  respect  to  presently  remaining  reserves  in  these  fields, 
s  Based  on  1973  requirements. 
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2.  At  what  average  price  must  the  Domestic  Oil  Industry  have 
acquired  its  imdergiound  inventories  of  oil  in  order  to  make  a 
profit  from  selling  1973  production  at  the  Windfall  Profits  Tax 
base  price  of  84.95  per  barrel  ? 

Answer :  For  a  rate  of  return,  hefore  Federal  Ineome  Tax,  of 
6  percent  on  the  capital  invested  in  underground  inventories  of 
oil,  such  oil  must  have  been  acquired  at  an  average  cost  of  10 
^ents  per  harrel;  for  a  rate  of  return  of  8  percent,  at  5  cerd%  per 
barrel. 

The  weighted  average  domestic  reserves  produced  in  1973  from 

underground  inventory  had  been  in  inventory  about  39  years.  The 

1936  dollai-s  with  which  the  inventories  were  acquired  were  worth 

substantially  more  than  1975  dollars.  Even  though  oil  was  easy 

to  find  in  1936  by  today's  standards  and  was  found  at  relatively 

shallow  depths  (4000  feet  to  6000  feet),  the  acquisition  costs  per 

barrel  (finding  plus  development  or  purchase)  were  substantially 

greater  than  the  values   (5  to  10  cents  per  barrel)    calculated 

above. 

TMien  one  considei^s  that  the  oil  industry  requires  a  rate  of  return 

on  capital,  because  of  the  risk  involved  in  prospecting,  above  that 

required  in  other  industries,  the  above  data  show  that  a  Windfall 

Profits  does  not  exist  even  at  the  current  price  for  "new  (imcont rolled) 

oil",  which  is  presently  about  S11-S12  per  barrel. 

The  price  provisions  of  the  windfall  profits  tax  appear  to  have  little 
practical  application  to  the  production  phase  of  gas  operations  be- 
cause regulations  of  the  Federal  Power  Commission,  various  state 
public  utility  commissions  and  the  price  pro^^isions  in  long-term  con- 
tracts covering  unregulated  gas  combine  to  produce  market  prices  for 
produced  gas  substantially  below  the  base  price  in  the  Windfall 
Profits  Tax  proposed  legislation.^  There  are  insufficient  data  available 
to  us  to  make  it  feasible  to  determine  either  the  volimie  or  location  of 
unregulated  gas  not  subject  to  these  restrictive  price  conditions.  Thus, 
we  are  unable  to  form  a  conclusion  with  regard  to  the  effect  of  the 
Windfall  Profits  Tax  on  that  portion  of  the  produced  gas  supply  to 
which  the  proposed  tax  is  applicable. 

A  continuation  of  the  two-tier  pricing  system  of  oil,  th^  triple  tier 
pricing  system  for  natural  gas  liquids,  the  unrealistic  price  regulations 
imposed  upon  the  sale  of  natural  gas  and  the  Windfall  Profits  Tax 
now  being  considered  inevitably  will  result  in  the  demise  of  the  Do- 
mestic Oil  Industry  due  to  the  denial  of  the  internally  generated  fimds 
necessary*  for  its  existence. 

There*  may  be  some  who  feel  that  the  Doemstic  Oil  Industry  and 
the  funds  it  requires  are  not  an  important  aspect  of  the  solution  of  the 
"energv-  crisis"  now  facing  this  country.  In  our  opinion,  a  careful  ap- 
praisal of  the  alternate  sources  of  energy,  their  cost,  associated  re- 
quirements (fresh  water,  transportation,  etc.).  and  time  to  develop 
will  show  they  are  not  the  panacea  claimed  by  many  as  a  solution. 
Oil  and  gas  priced  in  a  free  market  will  be  our  cheapest  sources  of 
energN-  for  the  foreseeable  future.  We  firmly  believe  that  there  are 

« Published  average  natural  pas  prices  by  FPC  for  interstate  gas  sales  and  by  U.S. 
Burpau  of  Mines  for  average  natural  sas  for  both  intrastate  and  Intrastate  marketed  pro- 
duction are  essentially  the  same  for  the  period. 
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wise  and  prudent  areas  of  risk  investment  in  the  Domestic  Oil  In- 
dustry ;  i.e., 

1.  Extended  exploration  and  development  of  the  continental  off- 
shore areas  (^Pacitic.  Gulf,  and  Atlantic). 

2.  Deeper  drilling  in  existing  petroliferous  provinces. 
o.  Expansion  of  exploration  to  adjacent  basins. 

4.  Development  of  low  producing  capacity  gas  accumulations  (^non- 
coiiimerical  at  FPC  permitted  prices). 

o.  BeaJ  field  wide  resting  of  the  possibilities  of  tertiari/  oil  i'ecoveri/. 

"We  believe  that  all  of  these  measures  will  be  undertaken  by  private 
industry  if  it  is  permitted  earnings  commensurate  with  the  risk. 

Discussion 

Li  our  analysis  of  question  1  as  set  forth  in  the  Summary  and  Con- 
clusions, certain  public  data  exist  which  permit  an  arithmetic  approxi- 
mation of  the  present  day  cost  of  replacing  oil  and  gas  underground 
inventories.  The  methods  used,  assumptions  employed,  and  adjust- 
ments required  to  obtain  this  approximation  from  the  data  available 
,are  discussed  in  more  detail  in  appendix  I.  attached. 
I  The  data  needed  for  such  an  analysis  are  quite  simple  and  consist  of 
Ithe  following : 

'  1.  The  annual  cost  of  exploration  and  development  for  oil — $. 

I  2.  The  quantity  of  oil  reserves  added  by  such  expenditures — 

I        barrels. 

j  3.  The  unit  cost  of  producing  these  oil  reserves — $  per  barrel. 

j  The  annual  cost  of  replacing  oil  taken  from  imderground  inventory 
is  calculated  by  adding  Item  3  to  the  amount  obtained  by  dividing 
item  1  by  item  2. 

Oil  industry  total  exploration  and  development  expenditures  were 
obtained  from  the  pamphlet  "Capital  Investment  from  the  World 
Petroleimi  Industries,  1973"  published  by  Chase  ^lanhattan  Bank. 
Additions  to  natural  gas  liquid  and  gas  reserves  were  derived  from 
AJPI,  et  al..  Reserve  Eeports  ■  for  the  years  involved. 

Two  major  assumptions  were  necessary  in  order  to  utilize  the  data 
ivailable  for  approximating  applicable  present  day  cost  of  replacing 
3il  and  gas  withdrawn  from  undergroimd  inventories.  These  were : 

(A)  It  is  impossible  to  identify  exploration  costs  between  oil 
and  gas.  Such  an  identification  of  development  costs  is  not  avail- 
able to  us  and.  if  available,  in  our  opinion  would  have  little  mean- 
ing, since,  as  a  practical  matter  the  producing  business  sells  gas  to 
a  largely  government  regulated  market  and.  where  not  regulated, 
under  long-term  contracts.  We  have.  thus,  simply  subtracted  from 
exploration  and  development  costs  for  a  particular  year  the  net 
working  interest  value  of  gas  reserves  found  during  the  same 
year.  Gas  prices  used  were  FPC  average  gas  prices  for  each  year. 
The  remainder  of  such  costs  must.  obWously,  be  recouped  from 
oil  and  are  allocated  to  oil  in  our  analysis.  It  was  noted  that  the 
present  worth  of  gas  reserves  added  during  1973  if  sold  at  the 
present  FPC  national  area  price  of  56.6  cents  per  MCF  (including 


*  Joint  reports  of  American  Gas  Association.  American  Petroleum  Institute,  Canadian 
)*etroleum  Association. 
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severance  taxes)  is  about  the  same  (23.5  cents  per  MCF)  as  the 
1973  gas  price  used  of  22.5  cents  per  MCF.^ 

(B)   Proved  oil  reserves,  as  determined  by  the  API  Committee 
on  Keserves,  are  included  within  its  statistics  only  when  they  are 
proved  by  the  drilling  of  wells.  Such  initial  reserves  may  later  be 
revised  up  or  down  due  to  field  performance  or  secondary  or  terti- 
ary measures  employed  to  increase  recovery.  Reserves  of  gas  have 
generally  been  revised  down  in  recent  years  due  to  poor  perform- 
ance or  inaccurate  initial  reserve  estimates.  Revisions  to  oil  re- 
serves have  generally  been  up  due,  in  our  opinion,  to  (1)  the 
greater  accuracy  of  scientific  devices  for  physical  measurements 
of  oil  field  properties  now  available  to  engineers  and  (2)  institu- 
tion of  secondary  production  mechanisms  in  older,  "giant"  oil 
fields.  Since  these  revisions  to  reserves  apply  almost  entirely,  in 
our  judgment,  to  old  fields,  they  have  little  or  no  bearing  upon 
quantities  of  new  oil  discovered  so  are  not  included  in  the  "oil  re- 
serves discovered"  category. 
Table  I,  attached,  shows  the  computations  of  the  cost  of  replacing 
inventory  oil  produced  by  years  through  1973.  This  cost  was  $9.83  p&i 
barrel  for  1973.  We  have  seen  a  recent  analysis  of  the  cost  of  drilling 
and  equipping  wells  which  showed  that  this  cost  has  increased  41% 
during  the  past  18  months.  Therefore,  if  the  1974  oil  finding  rate  is  the 
same  as  for  1973,  the  1974  cost  per  barrel  maybe  substantially  higher 
than  for  1973. 

The  figures  shown  include  only  the  costs  of  finding,  developing,  and 
producing  oil.  In  order  to  generate  some  rate  of  return  ^  on  the  invest- 
ment, the  oil  must  be  sold  at  prices  greater  than  these  costs. 

It  will  be  noted  that  the  costs  of  adding  oil  (finding,  developing,  and 
producing)  has  accelerated  upward  from  about  $3.89  per  barrel  in 
1969  to  a  figure  in  excess  of  $9  per  barrel  in  1973.  There  are  a  number 
of  factors  which  enter  into  this  steady  incretase  which  are : 

1.  The  general  inflation  which  has  occurred  in  the  economy  as  a 
whole. 

^  2.  Increasing  costs  of  certain  aspects  of  the  oil  industry,  in  par- 
ticular, costs  such  as  labor,  tubular  goods,  drilling  operations,  and 
the  reduction  of  the  finding  rate  of  both  oil  and  gas. 

3.  Increases  in  the  large  sums  spent  for  lease  bonuses  {paid  tc 
the  Federal,  government)  for  offshore  leases  in  recent  years. 
All  of  these  factors  serve  to  increase  the  presently  indicated  finding 
costs  of  oil  and  making  it  available  for  market. 

In  our  analysis  of  question  2,  "At  what  average  price  must  the 
Domestic  Oil  Industry  have  acquired  its  underground  inventories  oJ 
oil  in  order  to  make  a  profit  from  selling  1973  production  at  the 
Windfall  Profits  Tax  base  price  of  $4.95  per  barrel?",  we  have  giver 
consideration  to  the  following  items : 
^  The  time  that  the  oil  reserves  have  been  in  storage  is  one  of  the  most 
significant  factors  in  determining  whether  or  not  the  proposed  price 
levels  for  a  windfall  profits  tax  are  realistic  in  view  of  both  the 
storage  period  and  the  economic  conditions  existing  at  the  time  of  the 
weighted  average  discovery  date. 

1  Pi  EPS  11  and  It  of  appendix  I  discuss  gas  prices  used. 
-»      i.     ™a^jtude^  of  the  rate  of  return  must  recognize  the  substantial  risk  InTolred  Id 
searching  for  oil  and  gas. 
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"VVe  have  previously  mentioned  that  about  60  percent  of  the  domestic 
oil  reserves  as  of  December  31,  1974  exist  in  some  99  fields.  These 
reserves  were  discovered  in  periods  ran^^ing  from  prior  to  1900  up 
until  the  discovery  of  the  Jay  Field  in  (Florida)  1970.  We  have  used 
the  remaining  oil  reserves  listed  for  these  fields  and  arranged  the 
reserves  of  these  fields  into  groups  commencing  in  1900  at  5-year  time 
intervals,  depending  upon  the  discovery  date.  No  adjustment  was 
made  for  fields  found  prior  to  1900.  No  attempt  was  made  to  deter- 
mine with  precise  accuracy,  the  dates  of  extensions,  of  the  finding  of 
deeper  reserves  in  these  fields,  etc.  The  reserves  for  each  5 -year  period 
were  multiplied  by  the  intervening  years  between  the  period  and  1975. 
The  product    (barrel-years)    was  divided  by  the  number  of  total 
remaining  reserves  in  said  fields.  The  weighted  average  storage  period 
(by  this  method  is  39  years.  The  question  then  arises,  "What  is  the 
weighted  average  storage  period  of  the  remaining  40%  of  domestic 
reserves?"  Time  and  information  available  to  us  did  not  permit  a 
detailed  analysis  of  this  matter,  however,  the  reports  of  the  API 
J  Committee  on  Reserves  included  a  table  which  lists  the  initially  proved 
reserves  developed  in  each  j^ear.  An  analysis  of  this  table  (which  con- 
!  tains  all  of  the  Domestic  reserves)  shows  a  very  similar  distribution 
I  with  respect  to  weighted  average  discovery  date  as  that  indicated  by 
I  the  analysis  of  the  99  fields  mentioned  above.  For  this  reason,  we 
i  believe  that  it  is  reasonable  to  analyze  the  above  question  on  the  basis 
that  our  existing  domestic  reserves  were  found,"  developed,  and/or 
{  acquired  some  40  years  ago. 

^     This  being  the  case,  one  must  realize  that  such  reserves  were  acquired 
with  dollars  worth  considerably  more  in  purchasing  power  than  those 
[received  today.  We  believe  that  an  adjustment  in  the  order  of  six  ^^ 
c  must  be  made  to  the  1975  price  levels  to  make  them  equivalent  to  those 
-J  applicable  to  the  oil  industry  in  the  period  around  1936.  When  this  is 
done  and  current  production  costs  have  been  subtracted,  the  $4.95 
I  figure  proposed  as  a  beginning  point  for  the  Windfall  Profits  Tax 
becomes  approximately  $0.67  per  barrel  ($4.95 -0.92-^6  =  $0.67). 
■i     Another  factor  which  must  be  considered  is  that  in  the  period 
[i around  1936  such  data  as  were  available  with  regard  to  unit  (per 
barrel)  costs  of  finding  and  developing  or  acquiring  oil  reserves  were 
:  usually  based  upon  reserve  estimates  that  were,  for  the  most  part, 
understated  by  today's  standards.  Accordingly,  we  feel  that  an  ad  Just- 
in, ment  must  be  made  for  this  factor.  We  have  therefore  assumed  that 
one  harrel  which  was  acquired  for  developed  in  1936  axitually  repre- 
.sented  about  1.5  bari^els.,  in  view  of  the  more  accurate  reserves  estimates 
;| which  now  can  be  made  as  well  as  the  improvement  in  production 
si practices   which   have   subsequently   been   accomplished   leading  to 
'Jincreased  oil  recovery.  Thus,  the  $0.67  per  barrel  should  be  multiplied 
by  1.5  ($0.67x  1.5=$1.01).  It  is  this  value  {approximately  $1.00)  that 
must  be  discounted  at  some  interest  rate  to  determine  the  capital 
required  in  1936. 

If  a  rate  of  return,  before  Federal  income  tax.,  of  6  percent  is  per- 
mitted, then  an  initial  investment  of  $0.10  would  have  been  required 
to  produce  $1.00  in  1975  with  no  depreciation  of  currency.  If  an  8% 
rate  of  return  is  used,  $0.05  would  be  required  as  an  investment  to 

"   On  the  weighted  average. 

"  1975  prices  -^  6=1936  pricei. 
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produce  $1.00  in  1975  with  no  depreciation  in  the  relative  purchasing 
power  of  the  currentcy. 

Kecords  available  to  us  indicate  that  it  was  not  possible  to  find  anc 
develop  or  to  acquire  underground  reserves  at  unit  costs  commensurate 
with  these  figures  {$0.05  to  $0.10  per  harrel)  in  any  substantial  volume 
relating  to  the  underground  inventory  as  a  whole.  Obviously,  then 
were,  and  still  are,  exceptions  to  all  groups  of  statistics.  In  other  words 
a  single  discovery  or  acquisition  may  be  considerably  profitable  but 
it  must  be  balanced  against  those  that  are  less  profitable.  Our  com- 
ments here  are  directed  to  conditions  applying  to  the  domestic  industry 
as  a  whole  at  that  particular  time  period  and  under  the  circumstances 
described  above. 
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Appendix  I 

Cost  of  Crude  Oil 

The  cost  of  finding  and  developing  new  crude  oil  reserves^  an 
analyzed  for  the  years  1966  through  1973.  The  results  of  this  analysis 
are  shown  in  Table  1.  It  will  be  noted  on  the  table  that  the  costs  attrib- 
utable to  exploration  and  development  expenditures  start  at  $2.0^ 
per  barrel  in  1966  to  $8.91  per  barrel  in  1973.  In  addition  to  these  pei 
barrel  costs,  the  operating  expense,  estimated  to  be  $0.92  i)er  barrel  ir 
1973,  must  be  added  in  order  to  account  for  the  production  cost  pei 
barrel.  This  total  cost  shown  in  the  right-hand  column  of  finding 
developing,  and  producing  the  new  crude  oil  reserves  is  $9.83  per  bar- 
rel for  the  year  1973. 

In  making  this  study,  various  published  data  were  available  from 
the  following  sources : 

1.  Capital  Investments  of  the  World  Petroleum  Industry,  De- 
cember, 1974.  This  is  an  annual  study  made  by  the  Chase  Man- 
hattan Bank. 

2.  The  Reserves  of  Crude,  Natural  Gas  Liquids  and  Natural 
Gas  in  the  United  States  and  Canada  and  the  United  States  Pro- 
ductive Capacity  as  of  December  31,  1973.  This  report  is  pub- 
lished jointly  by  the  American  Gas  Association,  American 
Petroleum  Institute  and  Canadian  Petroleum  Association. 

3.  Average  Price  of  Gas  Purchased  from  Domestic  Producers 
by  Interstate  Pipe  Lines.  This  is  monthly  data  presented 
graphically  in  the  FPC  News,  a  publication  of  the  Federal  Power 
Commission. 

The  Chase  Manhattan  Bank  report,  as  mentioned  above,  presents  a 
detailed  study  of  the  financial  expenditures  of  a  large  number  of  oil 
companies  beginning  with  the  exploration  phase  for  oil  and  gas 
through  the  marketing  phase  of  the  finished  products  derived  from 
oil  and  gas.  However,  in  the  analysis  as  shown  on  the  accompanying 
table,  we  have  only  used  the  expenditures  relating  to  the  exploration 
and  development  phase  reported  in  the  Chase  study.  These  expendi- 
tures are  shown  in  column  1.  Column  Nos.  2,  3,  and  5  contam  the 
changes  in  petroleum  reserves  during  the  year  due  to  extensions  and 
discoveries.  These  data  are  taken  from  the  reserve  report  prepared  by 
the  American  Petroleum  Institute,  et  al.  The  change  reported  as  revi- 
sions in  the  reserve  report  was  not  included  in  the  above  changes  and 
the  reason  for  this  will  be  discussed  later.  These  changes,  it  will  be 
noted,  include  those  for  crude  oil,  natural  gas  liquids  and  natural  gas. 
The  average  annual  gas  price  by  years  is  shown  in  column  6.  These  data 
were  taken  from  the  FPC  records  and  represent  the  prices  paid  domes- 
tic producers  by  the  interstate  pipeline  companies.  The  net  gas  price 
shown  in  the  next  column  represents  the  gas  production  costs  which 
mclude  the  direct  operating  expenses,  overhead  and  severance  and 
production  taxes.  Column  8  shows  the  net  gas  income  which  is  deter- 
mined by  multiplying  the  gas  price  less  the  production  costs  times  the 
natural  jzas  reserves  shown  for  each  vear.  In  column  9  is  shown  the 
exploration  and  development  expenditures  after  deducting  the  net 
gas  income.  Here,  for  purposes  of  dividing  the  exploration  and  devel- 

*  Includes  natural  gas  liquids. 
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opment  expenditures  between  oil  and  gas,  we  have  simply  said  the 
expenditures  required  to  find  and  develop  the  new  gas  reserves  is  equal 
to  the  net  gas  income  shown  in  column  8.  In  other  words,  the  expendi- 
tures, column  9,  as  shown,  are  attributable  to  the  new  liquid  reserves, 
crude  oil  and  natural  gas  liquids  for  the  particular  year.  Column  10 
shows  these  costs  calculated  on  per  barrel  basis  for  the  new  liquid  re- 
serves for  each  year.  These  per  barrel  costs,  it  will  be  noted,  are  for 
exploration  and  development  expenditures  only.  An  additional  cost, 
the  cost  of  producing  the  liquid  reserves,  column  11,  must  be  included 
as  part  of  the  total  costs  as  shown  in  column  12. 

As  has  been  pointed  out  previously,  the  analysis  herein  has  not  in- 
cluded the  Prudhoe  Bay  Field  located  on  the  North  Slope  in  the  State 
of  Alaska,  since  there  are  a  great  number  of  unknowns  regarding  in- 
vestments and  expenses  which  will  be  large  and  which  will  occur  in 
the  future.  Production  from  this  field  has  not  begun  and  is  not  ex- 
pected to  commence  until  mid-1977  because  the  necessary  pipeline 
:  facilities,  devolpment  wells,  storage  facilities,  and  tanker  facilities 
:have  not  been  completed.  Originally,  the  pipeline  was  estimated  to 
cost  $900  million  but  due  to  increasing  cost  of  materials  and  additional 
*  requirements  by  government  regulatory  bodies,  the  current  estimate 
'of  the  cost  of  the  pipeline  is  approximately  $6  billion.  One  can  see 
{ from  this  change  in  the  cost  of  just  one  phase  of  getting  this  very  large 
i field  on  production  that  it  is  very  difficult  to  come  to  grips  with  the 
real  information  regarding  investments  as  well  as  operating  cost  for 
:lthis  project  since  this  is  the  first  large  field  found  in  the  Arctic  Area 
iof  North  America.  With  reference  to  the  operating  expenses,  the  field, 
'jit  will  be  recalled,  is  in  one  of  the  most  harsh  and  changeable  environ- 
ments in  the  world.  The  cost  to  operate  under  these  conditions  is  un- 
?known  at  this  time.  For  these  reasons,  we  have  deducted  the  expend- 
itures attributable  to  this  field  from  the  Chase  study.  Likewise,  the 
=iPrudhoe  Bay  reserves,  both  oil  and  gas,  have  been  deducted  from  the 
cAPI  reserves. 

s_    As  previously  mentioned  for  the  year  1973,  the  cost  of  exploring, 
^developing,  and  producing  the  new  reserves  found  for  that  year  was 
icomputed  to  be  $9.83  per  barrel.  In  the  years  previous  to  1973,  it  will 
be  noted,  from  1966  through  1971  that  there  was  only  a  modest  in- 
crease; that  is,  from  $2.80  in  1966  to  $3.87  in  1971.  However,  a  dra- 
jmatic  increase  in  the  per  barrel  costs  took  place  in  1972  as  well  as 
1973.  A  large  part  of  the  increased  costs  of  these  two  years  can  be 
'ittributed  to  the  large  increase  in  exploration  costs  of  acquiring  new 
I'.eases.  For  the  three" previous  years  (1969,  1970,  1971)  prior  to  1972, 
■uhe.  lease  acquisition  costs  were  $350  million,  $1.1  billion  and  $300 
JTiillion,  respectively.  However,  for  1972,  the  lease  cost  increased  to 
^iilmost  $2.5  billion  and  for  1973,  it  increased  further  to  $3.6  billion. 
'irt  must  be  remembered  that  in  all  probability,  a  great  majority  of 
'  hese  leases  will  require  2  to  5  years  to  be  explored  and  if  commercial 
inantities  of  hydrocarbons  are  found  to  be  developed. 
With  regard  to  the  new  reserves  shown  on  table  1,  for  each  of  the 
cars  this  includes  the  extensions  and  discoveries  taken  from  the  API 
i-esorve  report.  The  extensions  include  additional  reserves  where  a 
Iriven  field  has  been  enlarged  during  the  year.  New  discoveries  in- 
'liided  new  field  discoveries  in  which  there  is  no  nearby  production 
nd  discoveries  in  new  reservoirs  not  known  before.  The  "revisions" 
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shown  in  the  API  report  ^  generally  are  those  changes  (decrease  or  in- 
crease) in  reserves  due  to  additional  engineering  and  geological  data 
available  and  due  to  the  institution  of  secondary  recovery  operations 
in  older  fields.  These  types  of  changes;  that  is,  revisions,  are  not  in- 
cluded in  our  analysis  since  it  was  felt  that  these  types  of  changes  are 
due  principally  to  secondary  recovery  type  of  operations  and  addi- 
tional reservoir  information  including  performance  and  have  little 
bearing  with  regard  to  reserves  added  by  exploration  and  develop- 
ment in  a  particular  year.  To  verify  the  conclusions  concerning  the 
reserve  "revisions"  as  reported  in  the  API  reserve  reports,  the  de- 
tailed revisions  for  the  years  1971,  1972  and  1973  are  examined  by 
States  and  districts  within  certain  States.  The  revisions  reviewed  rep- 
resented in  terms  of  volumes  88  percent,  88  percent  and  95  percent, 
for  the  years  1971,  1972,  and  1973,  respectively,  of  the  total  revisions 
reported  for  the  United  States.  For  example,  in  1973,  the  State  of 
Texas  had  a  net  revision  of  371  million  barrels  (net  ^)  in  the  Permian 
Basin  Area.  This  large  revision  for  this  area  is  due  primarily  to  the 
large  number  of  secondary  recovery  projects  being  installed.  As  far 
as  is  known,  there  has  not  been  any  major  new  fields  found  recently 
which  would  account  for  a  revision  of  this  magnitude  due  to^  addi- 
tional reservoir  data  becoming  known.  Net  revisions  amounting  to 
803  million  barrels  represents  another  illustration  of  the  change  in 
this  same  area  for  the  year  1971.  Again,  secondary  recovery  projects 
were  being  instituted  at  a  rapid  rate  in  a  number  of  giant-type  fields, 
such  as  Wasson,  Slaughter  and  Levelland  fields. 

We  have  assumed  in  this  analysis  that  the  Chase  report  on  explor- 
ation and  development  expenditures  does  not  include  any  costs  relat- 
ing to  secondary  recovery  projects.  There  is  no  mention  of  this  type 
of  expenditure  in  their  reports.  However,  we  have  checked  the  possi- 
ble differences  it  would  make  in  the  oil  costs  (per  barrel)  if  the  sec- 
ondary recovery  costs  are  in  the  Chase  report  based  on  the  secondary 
recovery  costs  reported  by  the  API.*  By  deducting  these  API  costs 
from  the  expenditures  attributable  to  liquid  reserves,  Column  9,  Table 
1,  the  per  barrel  costs  in  Column  12  in  Table  1  are  reduced  by  approx- 
imately 5  percent.  For  example,  the  per  barrel  cost  for  1973  of  $9.83 
as  shown  in  Column  12  would  be  reduced  to  $9.48  per  barrel. 

On  the  other  hand,  it  is  possible  to  derive  the  exploration  and  de- 
velopment costs,  exclusive  of  "Improved  Recovery  Programs"  from 
the  API  for  the  five  years  1969  through  1973.  "^ These  costs  differ 
from  and  are  higher  than  the  Chase  figures  for  the  same  period  by 
about  8%.  We  have  used  the  lower  costs  of  the  Chase  study  in  this 
analysis. 

Average  national  gas  price  which  includes  both  intrastate  and  inter- 
state marketed  production  reported  by  the  Bureau  of  Mines  could 
have  been  used  instead  of  the  FPC  price.  The  Mines  average  price  is 
slightly  lower  than  the  FPC  price  (5%  to  9%  for  years  1966  through 
1972).  The  lower  price  of  gas  in  turn  increases  the  cost  of  oil  2%  to 
3%.  For  example  in  1972  the  oil  cost  increases  from  $6.51  to  $6.65 
per  barrel.  Table  1,  Column  12. 

*  See  pxtracts  of  API  Report  at  end  of  this  section. 

3  Tncroases  In  revisions  amounted  to  444  million  barrels  whereas  decreases  amounted  to 
1?,  minion  barrels. 

*  1973  Joint  Association  Survey,  Section  II,  Table  I. 
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Another  approach  to  determination  of  value  of  gas  reserves  added 
during  a  given  year  was  considered.  It  was  assumed  that  gas  dis- 
covered in  1973  would  be  sold  at  a  constant  rate  during  a  20  year 
period  at  the  present  FPC  national  rate  of  56.6  cents  per  MCF,  which 
includes  severance  taxes.  Discounting  this  future  income  at  8%  re- 
sulted in  the  computation  of  present  worth  of  gas  reserves  added  dur- 
ing 1973  of  23.5  cents  per  MCF.  This  compares  with  the  gas  price  of 
22.5  cents  per  MCF  used  in  our  determination  of  cost  per  barrel  of 
oil  reserves  added  in  Table  I.  The  effect  of  using  this  method  was 
considered  negligible. 

The  following  definitions  and  discussions  have  been  extracted  from 
the  API  reserve  report  for  1973  (pages  15  and  16)  :  Discoveries, 
Extensions,  Revisions,  Proved  Acreage  and  Improved  Recovery 
Techniques. 

Discoveries.  Discoveries  reported  as  of  December  31  for  any  given 
•year  are  proved  reserves  credited  to  new  fields  and  new  reservoirs 
•in  old  fields  as  the  result  of  successful  exploratory  drilling  and  asso- 
iciated  development  drilling  during  the  current  year. 
'  The  reliability  of  estimates  of  the  proved  productive  area  of  new 
discoveries  or  partially  developed  reservoirs  varies  in  relation  to  the 
{amount  of  geological  information  available  at  the  time  the  estimate 
jis  prepared.  Important  factors  such  as  the  areal  extent  of  the  struc- 
ture, the  average  thickness  of  the  producing  reservoir,  the  oil  column 
] within  the  reservoir,  and  the  continuity  and  characteristics  of  the 
ireservoir  formation  cannot  be  determined  accurately  unless  sufficient 
subsurface  information  is  available. 

The  ultimate  size  of  newly  discsovered  reservoirs,  whether  in  new 
Ifields  or  old  fields,  is  seldom  determined  in  the  year  of  discovery. 
Therefore,  first-year  estimates  of  proved  reserves  in  new  reservoirs 
rare  often  only  a  small  part  of  the  total  that  will  be  ultimately  assigned 
^to  the  new  reservoirs.  It  follows  that  reserves  credited  to  discoveries 
•in  any  given  year  are  usually  less  than  total  extensions  and  revisions 
jfor  the  same  year,  since  extensions  and  revisions  represent  adjust- 
'ments  of  reserves  in  reservoirs  discovered  in  all  prior  years. 
I    Subcommittees  are  not  necessarily  aware  of  and  may  not  have  access 
to  the  subsurface  information  for  all  new  discoveries  at  the  time  re- 
serve estimates  are  prepared.  This  is  especially  true  if  a  discovery  is 
iimade  late  in  the  year  for  which  a  report  is  being  prepared  or  when 
'^competitive  situations  dictate  that  the  subsurface  information  be  held 
^is  proprietary.  In  such  cases,  new  proved  reserves  are  reported  in 
Arable  I  as  discoveries  in  new  fields  or  new  reservoirs  in  old  fields  for 
:he  year  in  which  the  discovery  becomes  known  or  when  subsurface 
nformation  becomes  available.  In  Table  III,  these  reserves  are  as- 
signed to  the  year  in  which  the  field  was  actually  discovered. 

Extensions.  The  ultimate  size  of  newly  discovered  fields,  or  newly 
liscovered  reservoirs  in  old  fields,  is  normally  determined  by  drilling 
n  years  subsequent  to  discovery.  Wells  drilled  in  subsequent  years 
isually  add  to  the  proved  area  of  previously  discovered  reservoirs, 
hereby  serving  to  increase  estimates  of  proved  reserves.  The  reserves 
Tedited  to  a  reservoir  because  of  enlargement  of  its  proved  area  are 
ilassified  as  "extensions." 
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Revisions.  Both  development  drilling  and  production  history  add 
to  the  basic  geological  and  engineering  knowledge  of  a  petroleum  re- 
servoir and  provide  the  basis  for  more  accurate  estimates  of  proved 
reserves  in  years  following  discovery.  Changes  in  earlier  estimates, 
either  upward  or  downward,  resulting  from  new  information  {except 
for  an  increase  in  proved  axiveage)  are  classified  as  "revisions."  Re- 
visions for  a  given  ,year  also  include  (1)  increases  in  proved  reserves 
associated  with  the  installation  of  improved  recovery  techniques ;  and 
(2)  in  amount  which  corrects  the  effect  on  proved  reserves  of  the 
difference  between  estimated  production  for  the  previous  year  and 
actual  production  for  that  year.  [Emphasis  added  is  ours.] 

Proved  Acreage.  Proved  acreage  is  that  which  has  been  credited 
with  proved  reserves.  Acreage  is  credited  with  proved  reserves  if 
the  presence  of  a  productive  formation  has  been  verified  by  drilling 
and  testing.  Undrilled  acreage  adjacent  to  drilled  acreage  and  certain 
other  undrilled  acreage  we  also  credited  with  proved  reserves  if  geo- 
logical and  engineering  information  demonstrate  with  reasonable  cer- 
tainty that  the  underlying  formations  are  continuoiis  and  productive. 
[Emphacis  added  is  ours.] 

Improved  Recovery  Techniques.  Improved  recovery  techniques  in- 
clude all  methods  for  supplementing  natural  reservoir  forces  and 
energy,  or  otherwise  increasing  ultimate  recovery  from  a  reservoir. 

Such  techniques  include:  (1)  pressure  maintenance;  (2)  cycling; 
and  (3)  secondary  recovery  in  its  original  sense;  (i.e.,  fluid  injection 
applied  relatively  late  in  the  productive  history  of  a  reservoir  for 
the  purpose  of  stimulating  production  after  recovery  by  primary 
methods  of  flowing  or  artificial  lift  has  approached  an  economic 
limit).  Improved  recovery  techniques  also  include  thermal  methods 
and  the  use  of  miserable  displacement  fluids, 
listed  above  are  reported  as  ''''revisions'''  to  proved  reserves  for  the  year 

Reserves  resulting  from  the  application,  of  any  of  the  method; 
in  which  successful  testing  hy  a  pilot  project  or  the  operation  of  an 
installed  program  in  the  reservoir  provides  support  for  the  engineer- 
ing analysis  on  which  the  project  or  program  was  based.  [Emphasis 
added  is  ours.] 


''STAFF  ANALYSIS  OF  THE  COST  OF  FINDING  AND  PRODUCING  NEW 
CRUDE  OIL,"  BUREAU  OF  NATURAL  GAS,  FEDERAL  POWER  COM- 
MISSION, JUNE  1975 

Federal  Power  Commission, 
Washington,  P.O.,  June  27, 1975. 
Hon.  TVarren  G.  Magnusox, 
Chairman,  Committee  on  Commerce, 
U.S.  /Senate,  Washington,  D.C. 

Dear  Chairman  Magnuson  :  I  am  pleased  to  forward  the  attached 
analysis  prepared  by  the  Commission's  Bureau  of  Natural  Gas,  in  con- 
sultation with  our  Office  of  Economics,  in  response  to  your  letter  of 
June  20  requesting  a  computation  of  "the  cost  of  new  domestic  crude 
oil  in  1974  based  on  nationwide  cost  and  drilling  data  comparable  to 
your  natural  gas  costs." 

As  explained  in  the  report,  the  computation  is  based  on  a  15  per- 
cent rate  of  return  according  to  a  discounted  cash  flow  method  of 
analysis  and  constant  annual  production  rates  over  an  18 -year  deple- 
tion period.  The  underlying  costs  are  for  1973,  which  is  the  latest  year 
for  which  the  necessary  data  are  available.  The  computations  show  an 
estimated  cost  of  $6.12  per  barrel  before  Federal  income  taxes  and 
excluding  State  production  taxes.  A  rough  allowance  for  Federal  in- 
come taxes,  including  this  year's  change  in  percentage  depletion,  raises 
tthe  estimated  cost  to  between  $6.76  and  $9.17  per  barrel. 

In  closing,  I  wish  to  stress  the  qualifications  expressed  by  the  staff 
regarding  the  assumptions  underlying  the  cost  estimate.  Because  of 
the  brief  time  in  which  the  estimate  had  to  be  prepared  and  the  lack 
of  prior  experience  with  costing  for  crude  oil,  the  staff  advises  con- 
siderable caution  in  using  the  cost  estimate. 

;     We  will  be  pleased  to  answer  any  questions  you  have  regarding  the 
staff  analysis. 

Sincerely  yours, 

John  X.  Xassikas,  Chairman. 
Enclosure. 

[Staff  Analysis  of  the  Cost  of  Finding  and  Producing  Xew  Crude 
I  Oh. — Bureau  of  Natural  Gas 

This  cost  analysis  was  prepared  in  response  to  an  inquiry  made  by 
letter  dated  June  20,  1975,  from  Chairman  Warren  G.  Magnuson  on 
jbehalf  of  the  Senate  Commerce  Committee  concerning  the  cost  of  new 
jiomestic  crude  oil  based  on  this  Commission's  methodology  used  to 
'2ost  new  natural  gas.  The  computations  as  shown  on  the  attached 
schedules  indicate  a  cost  estimate  of  $6.12  per  barrel  of  new  crude  oil 
jDased  upon  the  most  recent  available  data  and  a  number  of  under- 
|.ying  assumptions.  This  cost  excludes  production  taxes  which  vary 
jimong  the  State  Domains  and  assumes  no  payment  of  Federal  Income 
j Faxes.  The  costing  method  used  in  this  analysis  is  similar  to  that  used 
:i  (357) 


358 

by  tliis  Commission  in  estimating  the  nationwide  cost  of  finding  and 
producing  non-associated  gas.  Alaskan  data  were  excluded,  where  pos- 
sible, from  the  analysis. 

It  should  be  emphasized  that  the  costing  of  new  crude  oil  is  novel 
to  Staff  and  unlike  the  costing  of  gas,  Staff  lacks  the  experience  and 
knowledge  gained  from  the  many  case  records  involving  gas  pro- 
ducer proceedings.  Therefore,  it  is  imperative  that  recognition  be  given 
to  the  probable  imprecision  that  is  inherent  in  this  type  of  analysis. 
;Much  of  the  available  data  were  extracted  from  gas  industry  publi- 
cations and  the  data  were  not  audited  and  vtrified  by  Staff.  It  is  also 
important  to  be  aware  of  the  underlying  assumptions  in  this  analysis 
which  are  as  follows: 

(1)  A  15%  rate  of  return  or  true  yield  was  used  for  crude  oil 
which  is  the  same  rate  of  return  used  by  this  Conamission  for 
natural  gas. 

(2)  The  discounted  cash  flow  (DCF)  method  was  employed. 
The  use  of  the  DCF  method  requires  knowledge  of  the  timing  of 
exploration  and  development  expenditures  made  prior  to  pro- 
duction and  the  annual  rates  of  oil  production  for  a  typical  or 
average  oil  well.  Staff  used  an  18  year  depletion  period,  constant 
annual  production  rates  and  the  same  timing  of  preproduction 
expenditures  as  that  for  gas  well  gas.  These  elements  are  crucial 
in  estimating  the  imit  return  allowance  and  may  differ  signif- 
icantly for  crude  oil. 

(3)  Payment  of  Federal  Income  Taxes  was  assumed  to  be 
zero.  The  repeal  of  the  depletion  allowance  law  makes  this  as- 
sumption unlikely.  Actual  taxes  to  be  paid  resulting  from  natural 
gas  revenue  is  under  study  by  Staff.  The  problem  of  determining 
actual  taxes  or  even  reasonable  estimates  is  extremely  complex 
because  a  nationwide  average  tax  must  be  determined  for  thou- 
sands of  gas  or  oil  producers  and  each  may  be  in  a  different  tax 
status  or  liability.  The  problem  is  further  complicated  when  taxes 
are  to  be  determined  for  new  gas  apart  from  old  or  flowing  gas 
and  similarly  for  crude  oil.  It  is  questionable  whether  a  reasonable 
solution  can  be  attained  based  on  available  information. 

(4)  This  analysis  reflects  the  most  recent  available  data  which 
IS  generally  through  the  year  1973.  Costs  were  not  trended  be- 
cause a  myriad  of  factors  must  be  studied  and  informed  judg- 
ment or  statistical  methods,  if  applicable,  must  be  applied.  These 
factors  include  inflation,  success  achieved  on  Federal  leases  where 
large  bonuses  have  been  paid,  the  depth  and  geographic  pattern 
of  oil  drilling,  changes  in  new  oil  prices,  the  repeal  of  the  deple- 
tion allowance  and  possibly  other  factors.  Most  of  these  would 
exert  an  upward  pressure  on  new  oil  costs.  In  addition  it  should 
be  understoocl  that  the  indicated  cost  result  is  an  average  nation- 
wide cost  which  does  not  represent  the  higher  cost  of  marginal 
oil  drilling  projects. 

In  conclusion,  it  should  be  recognized  that  this  cost  analysis  was  pre- 
pared during  the  brief  time  made  available  and  the  various  cost  ele- 
ments were  estimated  on  the  basis  of  available  data  and  the  limited 
knowledge  of  Staff  concerning  new  crude  oil  production.  This  limited 
knowledge  makes  suspect  certain  of  the  underlying  assumptions  in- 
volved in  the  cost  study.  Therefore,  Staff  suggests  cautious  use  of  this 
cost  analysis  for  any  regulatory  purposes. 
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The  unit  cost  of  $6.12  per  barrel  was  estimated  on  the  basis  of  zero 
income  taxes  and  therefore  should  be  considered  at  the  low  side  of 
my  cost  range.  For  illustrative  purposes  Staff  made  two  additional 
:ost  calculations  including  positive  tax  liabilities  as  follows:  (1)  $6.76 
per  barrel,  22%  (prior  depletion  allowance)  of  gross  income  less 
royalty  is  assumed  to  be  taxed  at  the  rate  of  48%  (2)  $9.17  per  barrel, 
^he  return  on  investment  less  2.4%  for  interest  on  debt  is  assumed  to 
De  taxed  at  the  rate  of  48%.  Both  of  these  costs  are  rough  estimates 
because  the  full  effect  of  intangible  drilling  cost  deductions  is  un- 
known and  was  not  considered. 

(Prepared  by  Louis  J.  Engel,  Supervisory  Regulatory  Gas  Utility 
Specialist.) 

SCHEDULE  NO.  1 
COST  OF  FINDING  AND  PRODUCING  A  BARREL  OF  NEW  CRUDE  OIL  (LOWER  48  STATES) 


Item  description 


Unit,  per 
barrel 


1.  Oil  well  drilling  cost Schedule  3. 

2.  Lease  acquisition  cost do 

3.  Production  facilities do 


Dry  hole  drilling  cost Schedule  3. 

Other  exploration  cost do 

Exploration  overhead do 


$0.53 
.46 
.33 


1.32 


9. 
10. 
11. 
12. 
13. 

14. 

Operating  expense                                              Schedule  3 

.88 

Casinghead  gas  credit                                                                                  do 

(  61) 

^:u 

2.84 

Royalty  at  16  percent Schedule  2... 

.98 

Total  excluding  production  tax do 

6.12 

SCHEDULE  NO.  2 
COMPUTATION  OF  PRICE  BY  THE  DCF  METHOD 

] 

Net 
Preproduction  costs                                    Year                Value         Tax  credit        investment 

15  percent 
present  value 

Other  exploration 
Exploration  overhead 

Lease  acquisition 

Dry  holes      

Successful  wells 
Production  facilities 
Lease  credit 


Total 


50.24 
.07 
.46 
.26 
.53 
.33 


0.109 

0.131 

.032 

.038 

0 

.46 

.125 

.135 

.178 

.352 

0 

.33 

.165 

-.166 

.610 

0.19 
.05 
.60 
.15 
.40 
.38 
-.19 


1.6 


Price    

Royalty 

Operating  expense      

Interest  on  working  capital. 

Tax  liability    

Gas  credit 


X 
-0.16X 
—.88 
—.14 
—.61 
+.61 


Total 

$1.614=(0.84X-$1.02)X1/18X7.047. 
Price  X=2.013H-0.329=$6.12/bbl. 
Royalty=0.16x$6.12/bbl=50.98/bbl. 


,84X-1.02 
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Line 

No 

I 

0.f)3  = 

?. 

0.46  = 

3. 

0.33  = 

4 

1.3?  = 

5. 

0.?6  = 

fi. 

n.?4= 

7. 

0.07  = 

8. 

0.57  = 

9 

0,88  = 

10. 

0.61  = 

11. 

0.14  = 

]?.. 

?.84  = 

13 

0  98  = 

14. 

6.12  = 

SCHEDULE  NO.  3 
COST  COMPUTATION  (SOURCE)  (REFER  TO  SCHEDULE  NO.  1) 

=  $22.11/ft  (1973  JAS)-^42  bbls/ft  (Schedule  4). 
=  0.53  (line  1)X0.868  (Schedule  5). 
=0.53  (line  1)X0.618  (Schedule  6). 

=$18  93/ft  (1973  j'aS)-=-42  bbls/ft  (Schedule  4)  X0.57  (Schedule  7). 

=0.46  (line  2)X0.5258  (Schedule  5). 

=  0.50  (lines  5  and  6)X0.1319  (Schedule  5). 

=  Sum  of  lines  5-7. 

=  (Schedule  No.  6). 

=(Schedule  No.  6). 

=  (0.57  (line  8)X^X1.21  (Docket  No.  R-478)+0.88  (line  9)XHX1.48  (Docket  No.  R-478)+a.46  (line  2)X1.5 

(opinion  No.  699-H))X0.15. 
=  Line  14  minus  the  sum  of  costs. 
=(Schedule  No.  2). 
=(Schedule  No.  2). 

SCHEDULE  NO.  4 
CRUDE  OIL  PRODUCTION  RESERVES  AND  FOOTAGE  (LOWER  48  STATES) 


Thousand  barrels 


Year 
(a) 


Production 
(b) 


Reserve 
additions 


(c) 


F/P  ratio 
(d) 


Oil  well 

footage 

(thousand 

feet)        Productivity 


(e) 


(0 


1966            2,849,877  2,787,971 

1967" —  3,008,666  2,873,785 

1968"                       3,058,042  2,396,137 

1969 .'. 3,121,193  1,985,823 

1970'" 3,236,170  2,889,659 

1971"! 3,178,158  2,272,409 

1972                        3,208,627  1,504,991 

1973""  "/. 3,113,078  2,057,578 

19741 2,972.847  1,941,078 

Total 20,710,431 


0.98 

67,430 

41 

.96 

58,244 

49 

.78 

58, 665 

41 

.64 

61, 132 

33 

.89 

55, 389 

51 

.72 

48,268 

47 

.47 

48.413 

31 

.66 

44, 434 

46 

.65 

50,012 

39 

- 492,987 

Note:  Average  productivity  (1966-74)=42  barrels  per  feet 
Source:  API— AGA  and  AAPG. 

SCHEDULE  NO.  5 
ESTIMATED  EXPENDITURES  FOR  FINDINGS  AND  DEVELOPING  GAS  AND  OIL  IN  THE  UNITED  STATES,  1967-73 

(Millions  of  dollars) 


Line 
No.    Year 

Cost  of 

producing 

v^ells 

Dry  hole 
cost 

Lease 

acquisition 

cost 

Exploratory 
overhead 

Other 

exploratory 

costs 

(a)   (b) 

(c) 

(d) 

(e) 

(f) 

(g) 

1.  1967 

2.  1958 

3.  1969 

4.  1970 

5.  1971 

6.  1972.... 

7.  1973 

8.  1967  to  1972 

1,497 

1,583 

1,723 

1,706 

1,508 

1,807 

2,005 

9  824 

802 
826 
888 
873 

864 

1,006 
1,070 
5,259 
6,329 

829 
1,578 
1,137 

714 

642 
1,722 
3,646 
6,622 
10,  268 

206 
204 
210 
189 

206 
239 

293 
1,254 
1,547 

740 
770 
782 
728 
746 
766 
867 
4,532 
5,399 

9.    1967  to  1973 

11,829 

10.    Lease  acquisition  costs  as  a  fraction  of  successful'well  cost=6,622-^9,824=0.6741  (1967-72);  10,268^11,829= 

0.8680  (1967-73). 
irycoi 

0.5258(1967-73). 
12.  Exploratory  overhead  as  a  fraction  of  dry  hole  and  other  exploratory  costs=l,  254-^-9, 791  =0.1281  (1967-72); 

1,547  +  11,728=0.1319(1967-73). 

Source:  "Joint  Association  Survey  of  the  U.S.  Oil  and  Gas  Producing  Industry,"  sec.  I  and  sec.  II. 
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SCHEDULE  NO.  6 
COST  OF  PRODUCTION  FACILITIES,  IMPROVED.  RECOVERY  PROGRAMS  AND  DEVELOPMENT  OVERHEAD  (YEAR  1973) 


Expenditure 
(millions) 

1 

Production  facilities  etcetera               

$1  239 

2. 

Oil  and  gas  well  drilling 

2,009 

3. 

Fraction  equals  J1,239h- $2,009 =0.618. 

Source:  1973  (JAS)  Joint  Association  Survey. 

OPERATING  EXPENSE  (YEAR  1972) 

Expense 
(thousands) 

Production 

(thousand 

barrels) 

4 

Oil  leases                                                       ...           .  . ..  . 

$1,613,736 

1,  542, 408 

5. 
6. 

Unitexpense=105f/bbl. 

Conversion  to  100  percent  interest=O.84XlO5=880/bbl. 

Source:  Data  in  Docket  No.  R-478, 

CASINGHEAD  GAS  CREDIT  (YEAR  1974) 

Casinghead  gas  production=4.208,697,000  Mcf. 

Crude  oil  production  =  2,972,847,000  bbls. 

Gas  oil  ratio=1.416  Mcf /barrel  (line  7-^8). 

Estimated  gas  price  55^/Mcf. 

Gross  credit=$.78/barrel  (line  9X10). 

Netcredit=$0.61/barrel  (0.78  less  royalty  at  16  percent  and  production  tax  at  7.5  percent). 

Source:  API-AGA. 

SCHEDULE  NO.  7 

ALLOCATION  OF  DRY  HOLE  FOOTAGE  TO  GAS  WELL  FOOTAGE"  YEAR  1974 


Successful  Exploratory 

exploratory         Percent        dry  hole 

footage  of  total         footage 


(1) 


(2) 


(3) 


Allocated 
footage 


(4) 


Gas 

Oil 

Total. 


7,665 

61.3  .. 
38.7  .. 

23,091 

4, 833 

14,  578 

12, 498 

100.0 

37,669 

37, 669 

(Col.(2)linelXcol.(3)line3). 
14, 578    (Col.  (2)  line  2Xcol.  (3)  line  3). 


(Line  1+2). 


Successful  Develop- 

develop-  ment 

mental  Percent        dry  hole       Allocated 

footage  of  total         footage         footage 


4.  Gas. 

5.  Oil.. 

6. 

7.  Gas. 

8.  Oil.. 

9. 

Total.... 
Total 

(1) 

31,311 
45, 179 

76, 490 

(2) 

40.9 

(3) 

(4) 

9,661 
13,959 

23. 620 

(Col.  (2)  line  4Xcol.  (3)  line  6) 

59.1 

100. 0           23, 620 

(Col.  (2)  line  5Xcol.  (3)  line  6). 
(Line  4+5). 

Total 

Successful 

footage 

(1) 

38,975 
50.012 

Allocated 
dry  hole 
footage 

(2) 

32, 752 
28,  537 

dry  hole 
factor 

(3) 

0.84 
.57 

(Col.(2)line7H-col.(l)line7). 
(Col.(2)line8-;-coL(l)line8). 

88,987 

61, 289 

» Footage  i 

1 

n  1,000  ft  and  exclude  Alaskan  Data  Source;  API 

-AAPG. 

"ADDITIONAL  STAFF  ANALYSIS  OF  THE  COST  OF  FINDING  AND 
PRODUCING  NEW  CRUDE  OIL,"  BUREAU  OF  NATURAL  GAS,  FEDERAL 
POWER  COMMISSION,  JULY  1975 

Federal  Power  Commissiox, 
Washington,  D.O.,  July  21, 1975. 
Hon.  Warrex  G.  Magxusox, 

Chairman,  Coininittee  on  Cominerce,  U.S.  Senate, 
Washington,  D.C. 

Dear  Chairman  Magxusox  :  I  am  pleased  to  forward  the  attached 
cost  analyses  prepared  by  me  in  response  to  your  letter  of  July  15, 
197.").  requesting  the  foUowin^j;: 

(1)  An  alternative  to  the  study  transmitted  on  June  26,  using  the 
same  data  and  analysis  but  includino;  Alaska  as  well  as  the  lower  48 
states.  In  order  to  assure  that  these  computations  are  conservative,  we 
would  request  tliat  only  one-half  of  the  reported  reserves  in  Alaska 
be  used  in  the  computation.  In  addition,  please  assume  a  Federal  In- 
come Tax  liability  equal  to  10  percent  of  gross  income  on  the  value  of 
crude  oil  produced. 

(2)  An  estimate  of  the  cost  per  million  Btu's  of  producing  new 
hydrocarbons,  Avhether  crude  oil  or  natui'al  gas.  Such  a  computation 
would  avoid  tlie  difficult  allocation  problems  of  joint  costs  between 
the  two  fuels.  Please  base  this  estimate  on  the  five-year  average  of 
expenses,  reserves  additions,  and  production.  Again,  please  utilize 
one-half  of  the  Alaskan  reserve  additions  in  the  computation  and  as- 
sume a  Federal  Income  Tax  liability  of  10  percent  of  gross  income 
from  crude  oil  and  natural  gas  sales. 

(3)  We  Avould  also  request  the  Federal  Power  Commission  Staff 
Analysis  of  the  estimated  cost  of  production  of  old  domestic  crude  oil, 
which  is  based  on  1072  data.  We  should  also  appreciate  any  help  you 
can  give  us  in  trending  these  costs  forward  to  reflect  current  197^  costs. 

Tlie  i-esidts  of  the  foregoing  analyses  (1),  (2)  and  (3)  are  $5.49  per 
barrel,  $4.14  per  barrel  and  $2.96  per  barrel,  respectively.  A  discussion 
of  possible  trending  methods  is  provided  in  the  attached  analysis. 

I  Avill  be  pleased  to  answer  any  questions  you  have  regarding  the 
staff  analysis. 

Sincerely  yours, 

Louis  J.  Excel. 
SuferrlBory  Regulatory  Gas  Utility  Specialist. 
Enclosure. 

Additioxal  Staff  Axalysis  of  the  Cost  of  Fixdixg  axd  Producixg 
Xew  Crude  Oil — Bit^eau  of  Xatural  Gas 

This  additional  cost  analysis  was  prepared  in  response  to  an  inquiry 
made  by  letter  dated  July  15,  1975,  fiom  Chairman  Warren  G.  Mag- 
nuson  on  Ix'half  of  the  Senate  Commerce  Committee.  This  inquiry  fol- 
lows an  earlier  inquiry  made  on  June  20,  1975,  which  was  answered 
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1)\-  lettei-  (lutcMl  June  27.  11)75,  Avith  an  attached  cost  analysis  of  new 
crude  oil. 

In  res[)onse  to  Senator  Mag-nnson's  current  re(}uest  tlirec  cost  anal- 
yses have  been  ])repared  as  follows : 

(A)  An  alternative  to  the  study  transmitted  by  letter  of  June  27, 
197.-).  to  include  one-half  of  the  reported  reserves  in  Alaska  and  Fed- 
eral Income  Tax  liability  equal  to  10  percent  of  gross  income.  The  re- 
sult of  this  analysis  is  J>r).4.)/bbL 

(I>)  An  estimate  of  the  cost  per  million  Btu's  of  producing  new 
hydrocarbons  including  live-year  averages  of  expenses,  reserve  addi- 
tions, and  production,  oiie-half  of  Alaskan  reserve  additions  and  a 
Federal  Income  Tax  liabilitv  of  10  percent  of  gross  income.  The  result 
of  this  analysis  is  $0.74/^OiP)tu  or  $4.14/bbl. ' 

(C)  An  estimate  of  the  cost  of  production  of  old  domestic  crude 
oil  based  on  1972  data.  The  result  of  this  analysis  is  i^2.06/bbl  includ- 
ing income  taxes. 

The  co.-t  com [)utations  related  to  Items  (A).  (B)  and  (C)  are  shown 
in  the  attached  appendicies  A,  B  &  C.  The  cost  analyses  exclude  pro- 
duction taxes. 

In  onr  discussions  with  the  Staff  of  tlie  Commerce  Committee  there 
was  general  agreement  that  the  elfect  of  Alaskan  reserve  additions 
should  be  considered  in  costing  new  oil  because  most  of  these  reserve 
additions  Avould  be  ])i-iced  as  nevr  oil.  The  impact  of  including  50% 
of  Alaskan  i-esei-ves  is  significant  and  accounts  foi-  the  substantial  dif- 
ference between  the  earlier  analvsis  at  $6.12/bbl  ($6.73/bbl  including 
the  10<7r  tax  liability)  and  the  current  analyses  at  $1.14/bbl  and  $5.49/ 
bbl.  The  use  of  the  50'';r  estimate  is  arbitrary  but  is  believed  to  be  rea- 
sonable in  indicating  the  ])robable  range  of  these  unit  cost  estimates. 
The  maioritv  of  Alaskan  reserves  are  Hie  result  of  the  Prudhoe  Bay 
discovery.  This  large  field  has  not  been  developed  and  awaits  a  pipeline 
connection.  Alaska  and  its  adjacent  waters  is  a  vast  unexplored  area 
which  mny  produce  several  lai-ge  oil  and  gas  fields  in  tlie  future  after 
connection  to  market  areas  is  arliieved. 

The  lO^r  of  gi-oss  income  foi-  Federal  Income  Tax  liability  is  a 
juilgmental  estimate  considering  the  near  futuie  and  the  inipact  of 
the  repeal  of  the  depletion  allowance.  It  a])i)roximates  the  result  of 
ai)plying  the  former  de])let'on  rate  of  22Cf  to  cross  income  at  the  tax 
rate  of  48%.  Included  in  the  $0.74/M:\rBtu  0'-^4.U/bbl)  lower  cost 
estnnate  is  a  Federal  Income  Tax  allowance  of  $0.07  AIMBtu.  If  this 
allowance  wei-e  included  in  the  pi-ice  of  total  hydi-ocarbon  production, 
the  od  and  gas  industiy  would  reali/e  additional  revenue  amountinir 
to  over  sn  billion  pei-  yeai-  ($0.07/3.!:M]^tu  times  43,5.S5.000,00')/ 
M.MIUu.  1974  production  of  Btu)  foi-  tax  pui-noses.  It  is  believed  this 
is  a  rea^onnbh-  estimate  foi-  the  near  futui-e  oi-  until  such  time  that 
factual  data  can  b:^  gathered  to  test  the  actual  imi)act  of  the  new  tax 
lavs. 

The  analysis  in  Appendix  B.  vrhere  costs  are  derived  bv  units  of 
lieat  content  (Btu).  does  merit  consideration  in  developinir  a  rea- 
sonable cost  range.  It  avoids  a  multitude  of  allocations  and  in  effect 
ns-jgns  an  equal  amount  of  cost  to  each  Btu  of  hvdrocarbon  reserves 
an.!  production,  where  a|)i)lical)le.  Fxploration  and  development  ex- 
penditures are  related  to  hydrocarbon  reserve  additions.  Production 
•'XjM-nse  is  propiM-ly  related  to  hvdrocarbon  pioduction  since  these  ex- 
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penses  are  related  to  all  age  leases  and  wells  which  are  on  production. 
The  resulting  total  cost  of  $0.74/MMBtu  is  converted  to  $4.14/bbl 
by  applying  the  unit  of  5.6MMBtu/bbl  ($0.74  x  5.6). 

The  analysis  in  Appendix  C  reflects  the  cost  of  old  oil  as  of  year 
end  1972.  The  allocation  methods  employed  have  been  adopted  by  this 
Commission  in  past  decisions  for  costing  old  or  flowing  gas  and  have 
been  approved  by  the  Courts.  The  result  of  this  analysis  is  $2.96/bbl 
excluding  production  taxes. 

In  our  meetings  with  your  Staff  we  discussed  your  inquiry  concern- 
ing the  trending  of  these  costs  beyond  the  period  of  the  latest  avail- 
able data.  This  matter  is  complex  and  involves  consideration  of  a 
great  number  of  variables  of  which  most  are  unknown.  This  trending 
lequires  the  analysis  of  the  anticipated  movement  of  unit  costs  which 
is  composed  of  a  certain  output  of  dollars  and  their  relationship  to 
reserves  found  or  production.  There  is  available  data  from  the  Joint 
Association  Survey  ( JAS)  indicating  the  annual  amounts  of  explora- 
tion, development  and  production  expenditures  excluding  production 
taxes  as  follows: 

ESTIMATED  EXPENDITURES  IN  THE  UNITED  STATES 
(Millions  of  dollars] 


Year 

Exploration 

Development 

Production 

1969 

3  106 

2,766 
2,8fl 
2,671 
3,093 
3,255 

2,8?9 

1970... 

2,476 

3,089 

1971... 

2,393 

3,254 

1972 

3  672 

3,299 

1973 

5  865 

3,552 

As  indicated  from  the  foregoing  table  the  oil  and  gas  industry  has 
increased  its  output  of  expenditures  in  recent  years  for  all  three 
phases.  Most  of  the  increase  is  attributable  to  large  bonuses  paid  for 
Federal  offshore  leases  which  are  currently  being  explored  or  de- 
veloped. These  bonuses  were  also  substantial  in  1974.  Whether  these 
large  expenditures  will  be  made  in  1975  is  questionable  because  of  the 
repeal  of  the  depletion  allowance.  The  most  crucial  element  in  any 
trendinff  involves  the  estimation  of  hydrocarbon  reserves  which  will 
result  from  current  and  near  future  exploration  and  development 
expenditures.  If  reserve  additions  do  not  increase  it  is  apparent  that 
unit  costs  will  increase  with  any  increase  in  expenditures.  Another 
significant  element,  which  affects  exploration  and  development,  are 
drilling  costs.  The  JAS  also  provides  these  data.  These  costs  and 
calculated  annual  changes  are  as  follows : 

DRILLING  COSTS  IN  THE  UNITED  STATES 

Oil  well  Annual  Dry  hole  Annua! 

drilling  cost  change  drillinpcost  change 

Year  (per  foot)  (percent)  (per  foot)  (percent) 

1967 

1968. 

1969 

1970 

1971 

1972 

1973 .    .  . 


$16.61  

$12.87 

18.63 

+12 

12.88 

0 

19.28 

+3 

13.23 

+  3 

19.29 

0 

15.21 

415 

18.41 

_s 

16.02 

+5 

20.77 

+13 

17.28 

+8 

22.54 

+9 

19.22 

+11 
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These  data  also  indicate  an  upAvard  trend  in  recent  years  and  it  is 
likel)'  these  costs  per  foot  have  increased  sionificantly  through  the 
early  part  of  1975  dne  mainly  to  inflation.  However  in  converting  any 
j)roiected  costs  per  foot  to  linit  costs  per  barrel  of  oil  it  is  necessary 
to  estimate  the  amount  of  reserves  found  per  foot  drilled.  This  ele- 
ment is  difficult  to  estimate  for  either  past  or  future  periods. 

If  constant  levels  of  reserve  additions  are  assumed,  the  foregoin^g: 
data  appear  to  sugoest  an  annual  increase  in  the  unit  cost  of  new  oil 
ranoing  from  about  5*;^  to  13%. 

We  have  been  unable  to  arrive  at  any  conclusive  method  for  trend- 
ing the  1972  old  oil  cost  (Appendix  C)  up  to  1975.  As  we  understand 
the  pricing  of  old  oil  the  ceiling  i)rice  of  $5.25  would  not  apply  where 
secondary  oi-  tertiary  recovery  have  been  employed.  If  our  under- 
standing is  correct  on  the  aboAe  factors  and  if  new  oil  is  also  that 
which  is  produced  from  new  wells  after  1972,  it  appears  to  us  that 
the  oidy  element  of  cost  in  our  computation  of  old  oil  cost  that  might 
require  an  adjustment  is  operating  expense.  Production  expenditures 
(Operating  expense)  as  published  by  the  JAS  indicate  an  average 
annual  increase  of  about  6%  for  the  1969-1978  period.  This,  of  course, 
is  onlv  the  numei-ator  of  the  unit  cost  but  may  be  a  reasonable  indica- 
tor of  projected  aimual  changes  in  this  unit  cost. 

In  conclusion,  it  should  be  emphasi/.ed  that  there  is  no  precise 
answer  in  estimating  these  unit  costs  because  of  the  various  assump- 
tions which  are  required.  It  is  hoped  that  the  various  cost  analyses, 
Avhich  have  been  provided.  Avill  assist  your  committee. 

Lofts  J.  Exgel. 
Super/' isori/  Regvliitovy  Gas  Utility  Spccialht. 

APPi:XDIX  A 

SCHEDULE  NO.  1 
COST  OF  FINDING  AND  PRODUCING  A  BARREL  OF  NEW  CRUDE  OIL  (TOTAL  UNITED  STATES)' 

••iie    ..       ^       .  Unit 

rJo.    Item  description  Source  (per  barrel) 

1.    Oil  well  drilling  cost Schedules  $0.43 

I.    Lease  acquisition  cost do  37 

3.  Production  facilities "I""I"'!I!"!!!!!!!^]!;!!!!^!!do]!!"!^!  .27 

4.  Subtotal _  Tot" 

5.  Dry  hole  drilling  cost . do  TiT 

6.  Other  exploration  cost do      "  19 

7.  Exploration  overhead I:llll!-^^"^!!!]]^]^^-!^^'"^^"!!"!!]"do^]!^!^]  !05 

8.  Subtotal — .!.t:..-.L„':! mT 

9.  Operating  expense        do  88~ 

10.    Casinghead  gas  credit " do  (61) 

1.     Return  on  working  capital do'  12 

12.  Return  on  investment do 2  28 

13.  Royalty  at  16  percent """""^"""^^'""'^^^[irScheduie  2_".'."  .80 

U.  Subtotal _ do  4.99 

15.  Total,  including  income  tax  at  10  percent  of  gross  income 5.49 

'  Includes  Alaskan  data  to  the  extent  that  50  percent  of  Alaskan  oil  additions  were  Included  in  the  productivity  estimate. 
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SCHEDULE  NO.  2 
COMPUTATION  OF  PRICE  BY  THE  DCF  METHOD 


Preproduction  costs 


Tax  credi 


Net 
investment 


15  percent 
present  value 


1.  Other  exploration 

L  Exploration  overhead. 

3.  Lease  acquisition 

4.  Dry  holes 

ft.  SuccesstuI  wells 

6.  Production  facilities.. 

7.  Lease  credit... 

8.  Total. 


0.19 

$0.  087 

0.103 

$0. 157 

.05 

.023 

.027 

.041 

.37 

0 

.37 

.489 

.21 

.101 

.109 

.125 

.43 

.144 

.286 

.329 

.27 

0 

.27 

.311 

.133 

-.133 

-.153 

1.52 

.483  ... 

1.299 

9.  Price X 

10.  Royalty -0. 16x 

11.  Operating  expense _.  -.88 

12.  Interest  on  working  capital... —.12 

13.  Tax  liability -.448 

14.  Gas  credit __.. +.61 

15.  Total _ .84X0. 

16.  1.299  =  (0.84X-$0.878)Xl/18X7.047.i 

17.  Price  X=1.643^0.329  =  $4.99/bbl. 

18.  Royalty  =  0.16X$4.99/bbl  =  $0.80/bbl. 


7.047  = 


Line 

No 

1. 

0.43 

2. 

0.3/ 

3. 

0.27 

4 

10/ 

.s 

0  21 

6. 

0.19 

7 

0  05 

8 

0  45 

9. 

0  88 

10. 

0.61 

11. 

0.12 

12, 

2.28 

13. 

0.80 

14. 

4.99 

SCHEDULE  NO.  3 
COST  COMPUTATION  (SOURCE)  (REFER  TO  SCHEDULE  NO.  1) 


=  $22.11  ft  (1973  JAS) -^52  bbls  ft. 

=0.43  (line  1)X0.868  (Schedule  5). 

=  0.43  (line  1)X0.168  (Schedule  6). 

-Surn  of  lines  1  3. 

=  $18.93;ft  (1973  JAS)^52  bbls  ft  (Schedule  4)X0.57  (Schedule  7). 

=  0.37  (line  2)X0.5258  (Schedule  5). 

=  0.04  (lines  5  and  6)XU.1319  (Schedule  5). 

=  Sum  of  lines  5-7. 

=  (Schedule  No.  6). 

=  (Schedule  Nc.  6). 

=  (0.45  (line  8)Xl  8X1. 21  (Docket  No.  R  478)+0.88  (line  9)Xl/8Xl. 

(Opinion  No.  699  H))X0.15. 
=  Line  14  minus  the  sum  of  costs. 
=(Schsdule  No.  2). 
=(Schedule  No.  2). 


(Docket  No.  R-478)+0.37  (line  2)X1.5 


SCHEDULE  NO.  4 
CRUDE  OIL  PRODUCTION  RESERVES  AND  FOOTAGE 


Reserve 

Oil  well 

Production 

additions 

footage 

(thousand 

(thousand 

(thousand 

Year 

barrels) 

barrels) 

F/P  ratio 

feet) 

Productivity 

(a) 

(b) 

(c) 

(d) 

(e) 

(0 

1966 

2, 849, 877 

2,787,971 

0  98 

67  430 

41 

1967. 

3,008,666 

2,  873,  785 

.96 

58, 244 

49 

1968. 

3.058.042 

2,396,137 

.78 

58,  665 

41 

1969. 

3,121,193 

1,986,823 

.64 

61,132 

33 

1970. 

3,236,710 

2.  879,  659 

.89 

56,  389 

51 

1971. 

3,178,158 

2,  272,  409 

.72 

48,  268 

47 

1972. 

3.208,627 

1.504,991 

.47 

48,413 

31 

1973. 

3,113,078 

2,  057,  578 

.66 

44,  434 

46 

1974. 

Total. 

2,972,847 

1,941,078 

.65 

50,012 

39 

20,710,431 

492, 987 

Note:  Average  productivity  (1966-74)  equals  42  bbl/ft,  excluding  Alaska;  52  bbl/ft,  includes  50  percent 
of  Alaskan  reserve  additions  and  footage  (50  percent  of  10,500,000,000  bbl  of  crude  and  3,200,000  ft  of 
drilling  footage). 

Source:  API— AGA  and  AAPG. 
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SCHEDULE  NO.  5 
ESTIMATED  EXPENDITURES  FOR  FINDINGS  AND  DEVELOPING  GAS  AND  OIL  IN  THE  UNITED  STATES,  1967-73 

[In  millions  of  dollars) 


Line 

No.  Year 

(a)  (b) 

1.  1967 

2.  1968 

3.  1969 

4.  1970 

5.  1971 

6.  1972 

7.  1973..-.. 

8.  1967-72- 

9.  1967-73. 


Cost  of 

Lease 

Other 

producing 

Dry  hole 

acquisition 

Exploratory 

exploratory 

wells 

cost 

cost 

overhead 

costs 

(c) 

(d) 

(e) 

(0 

(g) 

1,497 

802 

829 

206 

740 

1,583 

626 

1,578 

204 

770 

1,723 

888 

1,137 

210 

782 

1,706 

873 

714 

189 

728 

1,508 

864 

642 

206 

746 

1,807 

1,006 

1,722 

239 

766 

2,005 

1,070 

3,646 

293 

867 

9,824 

5,259 

6,622 

1,254 

4,532 

11,829 

6,329 

10,  268 

1,547 

5,399 

10.  Lease  acquisition  costs  as  a  fraction  of  successful  well  cost=6,622-j-9,824=0.6741  (1967-72);  10,268-4-11,829  = 

0.8680  (1967-73). 

11.  Other  exploratory  costs  as  a  fraction   of   lease  acquisition  costs  =  4,532H-6,622=0.6844  (1967-72);  5,3994- 

10,268  =  0.5258(1967-73). 

12.  Exploratory  overhead  as  a  fraction  of  dry  hole  and  other  exploratory  costs  =  l,2544-9,791=0.1281  (1967-72); 

1,547^-11,728  =  0.1319  (1967-73). 

Source:  "Joint  Association  Survey  of  the  U.S.  Oil  and  Gas  Producing  Industry,"  sec.  I  and  sec.  II. 


SCHEDULE  NO.  6 
COST  OF  PRODUCTION  FACILITIES,  IMPROVED,  RECOVERY  PROGRAMS  AND  DEVELOPMENT  OVERHEAD  (YEAR  1973) 


Expenditure 
(millions) 

1 

$1,  239 

? 

2,009 

3. 

Fraction  equals  $1,2394- $2,009=0.618. 

Source:  1973  (JAS)  Joint  Association  Survey. 

OPERATING  EXPENSE  (YEAR  1972) 

Expense 
(thousands) 

Production 

(thousand 

barrels) 

4. 

Oil  leases  .  .. 

$1  613  736 

1  542  408 

5. 
6. 

Unitexpense  =  lO50/bbl. 

Conversion  to  100  percent  interest  =O.84XlO5=880/bbl. 

Source:  Data  in  Docket  No.  R-478. 

CASINGHEAD  GAS  CREDIT  (YEAR  1974) 

7.  Casinghead  gas  production  =4,028,597,000  Mcf. 

8.  Crude  oil  production  =2,972,847,000  bbls. 

9.  Gas  oil  ratio  =  1.416  Mcf/bbI  (line  7h-8). 

10.  Estimated  gas  price  55  /Mcf. 

11.  Gross  credit  =  $.78/bbl  (line  9X10). 

12.  Net  credit=$0.61/bbl  (0.78  less  royalty  at  16  percent  and  production  tax  at  7.5  percent). 


Source:  API— AGA. 
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SCHEDULE  NO.  7 
ALLOCATION  OF  DRY  HOLE  FOOTAGE  TO  GAS  WELL  FOOTAGE.>  YEAR  1974 


Line 
No. 


Successful 
exploratory      Percent  of 


footage 
(1) 


(2) 


Exploratory 
dry  hole 
footage 

(3) 


Allocated 
footage 


(4) 


1.  Gas 7,665  61.3 

2.  Oil 4,833  38.7 

3.  Total 12,498  100.0 


37,  669 


(1) 


(2) 


(3) 


4.  Gas 

5.  Oil 

6.  Total. 


31,311 
45, 179 


40.9 
59.1 


75, 490 


23,  620 


23,  091    (Col.  (2)  line  1  Xcol.  (3)  line  3.) 
14,  578    (Col.  (2)  line  2XCol.  (3)  line  3.) 


37,669    (Line  1+2.) 


Successful  Develop- 

develop-  mental 

mental  Percent  of         dry  hole       Allocated 

footage  total          footage          footage 


(4) 


9, 661    (Col.  (2)  line  4Xcol.  (3)  line  6.) 
13,  959    (Col.  (2)  line  5Xcol.  (3)  line  6.) 


23,620    (Line  4+5.) 


Total  success- 
ful footage 

(1) 


Gas 

Oil 

Total- 


38,  975 
50,  012 


Allocated  dry 
hole  footage     Dry  hole  factor 


(2) 


32,  752 
28,  537 


61,  289 


(3) 


0. 84    (Col.  (2)  line  7  -^col.  (1)  line  7.) 
.57    (Col.(2)line8-col.(l)line8.) 


1  Footage  in  1,000  ft  and  exclude  Alaskan  data. 
Source:  API-AAPG. 

APPENDIX  B 

SCHEDULE  NO.  1 

COST  OF  FINDING  AND  PRODUCING  HYDRACARBONS  ON  A  BTU  BASIS,  TOTAL  UNITED  STATES! 

[Expenditures  in  millions] 

Annual  Heat 

Line  Expenditures  average  content  Unit  cost 

No.    Item  description  (1969-73)     expenditures  (T  Btu)  per  million 

(a)    (b)  (c)  (d)  (e)  (f) 

1  Exploration 517,512  $3,502  31,246  $0. 

2  Development 14,636  2,927  31,246 

3  Subtotal- ..- 32,148  6,429  31,246  .20 

4  Production 16,033  3,207  43,535  .07 

5  Return  allov;/ance  at  15  percent .29 

6  Royalty  at  16  percent.. .11 

7  Subtotal .67 

8  Income  taxes  at  10  percent  of  gross  revenue .07 

9  Total... .74 

10    Conversion  to  dollars  per  barrel  at  5,600,000 

Btu/barrel - 4.14 


1  Includes  Alaskan  data  to  the  extent  that  50  percent  of  oil  and  gas  reserve  additions  were  included  in  estimating  the 
verage  annual  Btu. 

Sources:  Col.  (c):  Joint  Association  Survey  (JAS);  col.  (d):  col.  (c)^5;  col.  (e):  schedule  No.  3;  col.  (f):  lines  1,  2,  and  4, 
ol.  (d)H-col.  (e);  col.  (f):  lines  5,  6,  and  7,  schedule  No.  2;  col.  (f):  line  8,  line  7X10  percent. 


370 


SCHEDULE  NO.  2 

.    ,  COMPUTATION  OF  PRICE  BY  THE  DCF  METHOD 

Line 
No. 

1.  Investnient  =  $0.20  MIVl  Btu. 

2.  Tax  credit  =  $0.06/IViiVl  Btu. 

3.  Net  investment  =  $0.14  MM  Btu. 

4.  Present  value  of  net  investnient  =  $0.17/IVIlVi  Btu. 
Price  computation: 

5.  Price  =  x. 

6.  Price  less  royalty  =  0.84x. 

7.  Production  expense =0.07. 

8.  Tax  liability =0.06. 

9.  Cash  flow  =  0.84x+0.07+0.06. 

Present  value  of  net  investment  equals  the  present  value  of  the  net  cash  flow. 

10.  0.17  =  (0.8x-0.13)XM8x7.047.i 

11.  x  =  $0.67  MM  Btu. 

12.  Royalty=0.11  =0.67X0.16. 


1 
17.047  =  — 


-(ra) 


Sources:  Line  1  and  7:  schedule  No.  1;  line  2:  0.20X  67  percent  (expensed)x48  percent  (tax  rate);  line  3:  line  1  minus 
line  2;  line  4:  line  3  times  1.2332  (Interest  at  V/i  yO;  line)  line  8:  line  2. 

SCIIKDULE   No.   3 

IIi/(lrov(irhon  ix'scrvc  (ii](]itio)i.s.   /n-oiliicfio))   and  related  Btu  content 

Reserve  addition.s  (1970-74)  : 

1.  Crude  oil   (total  United  Staies) _Million  barrels__  L!0.  703.  902 

2.  Lease  and  plant  condensate   (total  United  States)  __do 370.  9.")0 

3.  Crude  and  condensate   (total  Iinited  States) do 21.  074.  s")2 

4.  50  percent  of  Alaskan  crude  additions do 5.019.094 

-5.  Remaining-  United   States do 10,055,758 

6.  Unit  heat  content Million  Btu  per  barrel 5.  6 

7.  Total  Btu    (1970-74).   trillion   BtU—  89.912 

8.  Annual    avera.e:e do 17.  9S2 

9.  Total  gas  licpiids Million  barrels—  1.  922.  392 

10.  Plant  extracted  liquids do 1,551.442 

11.  Total  dry  gas Billion  cubic   feet--  72.160 

12.  Total  wet  gas do 73.711 

13.  507c    of   Alaskan   gas do 13,418 

14.  Remaining  United  States do 00.293 

15.  Unit  heat  content ^Million  Btu  pi>r  thousand  cubic  feet 1.  1 

IG.  Total  Btu   (1970-74) trillicm  Btu__  06.322 

17.  Annual  average do 13,264 

18.  Total  average  annual  liydrocarbons do 31,246 

Production   (1970-74)  : 

19.  Total  wet  gas trillion  Btu-_  122,448 

20.  Crude  and  condensare do 95.  229 

21.  Total  hydrocarbons do 217,677 

22.  Annual  average do 43,535 

Sources  :  AGA.  API  and  U.S.  Bureau  of  Mines. 

Line  2  was  cab-ulaled   using  rbe  ratio  of  10  l)bls  of  condensate  per  million 
cubic  feet  of  nonassociatcd  reserve  additions. 
Line  10  equals  line  9  minus  line  2. 
Line  12  equals  line  10  plus  line  11  using  the  efiuivalent  of  1  blil  =  l  Mcf. 

Appe.xdix  C 

SciiKnri.E  No.  1 

Co.s'f  of  floiriiKj  oil  ^ 
Production  cost :  " 

1,  Cash  exi)ense  (per  barrel) .'<1.  02 

2,  D.D,  &  A 0.48 

3,  Return 0.74 

Total  2. 24 
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Exploration  and  develoianent '  allowance  (E.  &  D.)  : 

4.  Expense 0.34 

o.  Keturn 0.11 

0.  Total    0.45 

7.  Total,  prodnction  and  E.  &  D 2.  6i) 

.s.  FIT  computed  as  10  peivent  of  line  7 0.  27 

9.  Total    (per  barrel) 2. 1H> 

1  Cost  of  flowiug  oil  is  estimated  on  a  basis  conii>;trable  to  tlio  fost  of  flowing  pas.  under 
past  Commission  approved  methods,  in  Commission  Notii-e  Issuing  Staff  Kate  Kt'i'ommeu- 
dation  and  Prescribing-  Procedures,  issued  September  1"J.  1H74.  in  Docket  No.  K-4Ts.  <See 
Notice  Appendix  B.  Summary.  Scliedule  Xo.  1-A.  Column  (e)  >.  Metho<i  further  combines 
oiH^rations  of  Independent  I'roiiucers.  IMpeline  Attiliates,  and  Pipeline  Producers  which  were 
reported  in  subject  docket  in  yt^ar  1!>72  for  the  lyower  4S. 

-  Production  costs  are  based  on  current  year  V.*~2  operations  on  leases  producing  es- 
sentially oil  or  leases  producing:  oil  and  casin^bead  gas.  Leases  producing  both  oil  and 
gas-well  gas  (combination  leases  i  were  excluded  from  study  because  of  the  complexity  in 
allocation  procetlures.  Allocation  of  joint  product  oil  and  casinghead  gas  costs  was  made 
on  the  basis  of  relative  costs,  i.e..  through  consideration  of  what  it  would  cost  to  produce 
the  products  singly  as  measured  by  the  cost  of  separate  product  gas-well  gas  and  single 
product  oil. 

"  E  &  D  costs  are  based  on  current  expenditures  for  essentitally  unsuccessful  costs. 
E  &  D  costs  are  first  as.slgned.  and  the  remainder  allocated,  on  the  basis  of  the  respondents 
rept>rted  intent  as  between  gas  reservoir  and  oil  reservoir  operations.  Costs  for  oil  reservoir 
operations  were  then  allocated  between  oil  and  gas  current  production,  as  measured  by 
Bfu  content,  after  the  oil  Btus  had  first  been  modified  by  a  multiple  of  2.5.  The  resulting 
T\ith  E  4c  D  cost  for  oil  was  then  imputed  to  production  of  oil  on  the  subject  lease  types. 
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U.S.  Sexa'it:, 
ro:Nr:MnTKE  ox  C():\i:meikk. 
Was/ihif/fo/i,  P.O.,  July  7J,  1975. 
I  Ton.  JoHx  N".  Nasstkas, 
(  hd/rman.,  Federal  Power  Commission,, 
W(fshi7igfo7i,  D.C. 

Dear  Mr.  Citairmax:  Tliaiik  you  very  much  for  your  June  2G 
hrtpr  transmittino-  a  staff  computation  of  the  cost  of 'new  domestic 
crude  oil  in  19T-1-,  based  on  nationwide  costs  and  drillino-  comparable 
to  vour  natural  gas  costino-  technicpies. 

With  your  concurrence,  members  of  the  staff  of  the  Senate  Com- 
nicrce  Comuiittee  met  with  members  of  youi"  staff  to  obtain  a  better 
imderstandino-  of  the  methodolooies  used.  The  initial  staff  analysis, 
of  course,  Avas  preliminary,  and  based  on  a  sino-le  set  of  assuuiptions. 
Ill  liiiht  of  the  im])ortance  of  this  matter,  the  staffs  ao-reed  that  other 
;ip])roaches  to  ci'ude  oil  prices  would  be  useful  to  develop.  Accord- 
iniiiy.  we  request  the  followino-  cost  analysis  : 

(1)  An  alternative  to  the  study  transmitted  on  June  20.  usino-  the 
same  data  and  analysis  but  includino-  Alaska  as  well  as  the  lower  48 
states.  Tn  oi'der  to  assure  that  these  coinputations  are  conservative, 
^\•e  would  request  that  oidy  one-half  of  the  reported  reserves  in  Alaska 
be  used  in  the  computation.  In  addition,  ])lease  assume  a  Federal  In- 
coiue  Tax  liability  equal  to  10  ])ei'ceut  of  aross  incouie  on  the  value 
of  crude  oil  ])ro(hiced. 

i'2)  An  estimate  of  the  cost  per  million  Tutu's  of  producinof  new 
liy(h-ocarbous.  wliether  ci'ude  oil  or  natural  "ras.  Such  a  computation 
V  ould  avoid  the  difficult  allocation  problems  of  joint  costs  between 
tlie  tv.'o  fuels.  Please  base  this  estimate  on  the  five-year  averafje  of 
ox])enses,  reserves  additions,  and  pi'oduction.  Ao-ain,  please  utilize 
one-half  of  the  Alaskan  i-eserve  additions  in  the  computation  and 
;i-<ume  a  Federal  Income  Tax  liability  of  10  percent  of  fif^oss  income 
f loui  crude  oil  and  natural  o'as  sales. 

(3)  We  W(mld  also  re(iuest  the  Federal  Power  Commission  Staff 
.Vnalysis  of  the  estimated  cost  of  ])roduction  of  old  domestic  crude 
oil.  which  is  ])ased  on  1072  data.  "We  shoidd  also  appreciate  any  help 
yni!  cnn  o-ive  us  in  trendinir  these  costs  forwai'd  to  reflect  current  197.") 

C(;:~tS. 

Tliese  fui'thei'  analyses  would  provide  the  Committee  with  a  ran^o 
of"  new  douiestic  crude  oil  costs  under  various  assumptions.  We  would 
hope  that  this  staff'  analysis  could  be  com))leted  by  Monday,  July  2U 
since  we  ex])ect  the  issue  of  crude  oil  pricin^r  to  be  debated  on  the 
flooi-  of  the  Senate  soon. 

Thank  you  very  much  for  your  assistance. 
Sincerely, 

Warrex  G.  ^NTaoxusox,  Chaiiinan. 
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Senator  Edmund  S.  Muskie, 
Chairman,  Senate  Budget  Committee, 
Washington,  D.C. 

Dear  Mr.  Chairman:  Attached  is  the  staff  report  for  the  Task 
Force  on  Energy. 

This  anah'sis,  together  with  the  other  information  derived  from  the 
pubUc  hearings,  conducted  in  July,  provides  the  background  for  the 
previously  submitted  report  of  the  Task  Force  on  Energy.  The  report 
makes  clear  that  both  macroeconomic  and  energy  policies  must  be 
integrated.  It  also  indicates  that  national  goals  must  be  cognizant  of 
international  realities.  Achievement  of  both  energy  independence  and 
economic  recovery  points  up  the  need  for  a  comprehensive  approach 
regarding  energy  prices. 

Several  energ}'  price  jjolicy  options  were  considered  in  this  analysis. 
Central  to  all  of  the  options  is  the  concept  that  prices  for  both  oil  and 
natural  gas  must  be  considered  simultaneously. 

The  results  indicate  that  the  balance  between  energy  and  economic 
goals  can  best  be  met  with  a  program  that  includes  phased  decontrol, 
a  price  ceiling  on  new  oil  (with  exclusions),  a  price  ceiling  on  new 
natural  gas  (with  exclusions),  and  elimination  of  the  tariff  on  oil. 

Along  with  thanking  the  Task  Force  staff,  I  also  want  to  express 
special  appreciation  to  the  following  members  of  the  Committee  staff 
without  whose  efforts  this  report  would  not  have  been  possible: 
Arnold  Packer,  Dennis  Sachs,  Paul  Shechtman,  Martin  Asher,  and 
Donald  Nichols  for  their  role  in  preparing  the  report;  and  Carole 
Johnson,  Hanno  Hinsch,  Mary  McGuire,  and  Renee  McKinney  who 
assisted  with  the  research  and  editing. 

The  \'iews  expressed  in  this  report  do  not  necessarily  represent  the 
views  of  the  Members  of  the  Task  Force. 

Sincerely, 

Frank  E.  Moss. 
Chairman,  Task  Force  on  Energy. 
(lilt 
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Chapter  I 
THE  CHOICES* 


A.  Purpose  of  the  Report 

The  ta^ik  before  Concrre^  in  the  energy-  field  is  to  pass  leorislation 
that  will: 

— Promote  a  prompt  recoven'  from  the  recession,  without  further 
aggravating  inflation. 

— Foster  greater  energy  self-sufficiency. 

Either  task  taken  separately  and  with  unlimited  time  for  analysis 
and  deliberation  would  present  a  significant  challenge.  But  the  tasks 
■cannot  be  addressed  separately  and  tlie  time  remaining  for  deliberation 
is  short.  Furthermore,  while  some  decisions  can  be  made  that  u-ill 
move  the  United  States  to  both  objectives,  other  decisions  would  be 
in  conflict. 

For  example,  a  dramatic  rollback  of  domestic  oil  prices  would  have 
welcome  anti-inflation  effects  and  it  would  reduce  unemployment  at 
least  in  the  short  run.  But  it  would  discourage  domestic  production 
and  exploration  and  would  increase  reliance  on  foreign  sources  of  oil, 
with  imfortunat^  consequences  in  the  longer  run. 

CONFLICTS    MUST    BE    RESOLVED 

These  basic  conflicts  must  be  resolved  or  at  least  clearly  identified 
and  marked  for  early  action  this  autumn  when  Congress  adopts  a 
Second  Concurrent  Resolution  on  the  Budget  for  Fiscal  1976.  The 
resolution  will  place  a  binding  limit  on. overall  spending,  establish 
a  floor  imder  revenues,  and  detennine  the  size  of  the  deficit.  The  resolu- 
tion will  not  be  developed  in  a  vacuum.  It  will  have  to  reflect  the  best 
estimate  of  the  behavior  of  the  U.S.  economy  during  the  fiscal  year. 
And  the  economy,  in  turn,  will  depend  on  the  price  and  availability 
of  energy- . 

Mix^t  economists  doubt  that  the  economic  goals  of  the  First  Con- 
current Resolution — the  unemployment  rates,  the  inflation  rates  and 
the  levels  of  economic  activity — can  be  achieved  if  energy  prices 
were  immediately  decontrolled  and  if  the  OPEC  countries  were  to 
carry  out  their  announced  intention  to  increase  the  price  of  crude 
oil  by  $1  per  barrel.  With  another  set  of  policies,  both  in  the  United 
States  and  abroad,  the  goals  might  be  reached. 

Because  of  this  relationship  between  energy  and  Federal  budget 
policy,  the  Senate  Budget  Committee  has  established  an  Energy  Task 
Force.  The  Task  Force's  objective  is  to  spell  out  the  broad  alternatives 
open  to  the  Budget  Committee  and  to  Congress  and  to  assess  the 
consequences  of  pursuing  each  course  of  action. 

•For  limitations  in  the  analysis,  see  pages  7-9.  Chapter  I. 

(1) 
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JUDGMENTS    REQUIRED 


The  formulation  of  energy  policy  requires  judgments  about  politics, 
economics  and  technology  not  only  in  the  United  States  but  abroad. 
In  many  cases,  the  judgments  must  be  made  without  complete  in- 
formation and  often  there  are  important  differences  of  views  among 
experts.  There  are  basic  gaps  in  the  data  on  energy  supply,  for  example, 
and  the  estimates  of  the  level  of  energy  technology  that  can  be  achieved 
in  the  next  5  or  10  ^''ears  are  at  best  educated  guesses. 

Furthermore,  Congress  must  choose  policies  that  fit  two  widely 
different  planning  horizons.  Policies  which  are  adopted  in  the  months 
ahead  must  take  into  account  the  long  lead  times  associated  with 
energy  developments.  At  the  same  time,  the  Congress  must  bear  in 
mind  the  immediate  problems  such  as  new  OPEC  price  increases 
and  shortages  of  natural  gas  that  may  affect  the  economy  this  winter. 

Federal  energy  policy  must  be  firm  enough  to  encourage  private 
investment  yet  flexible  enough  to  accommodate  contingencies. 

Finally,  energy  policy  must  be  formed  in  the  context  of  conflicting 
views  of  self-interest  among  the  countries  of  the  industrial  world,  oil 
exporters  and  developing  nations. 

WIDE   AGREEMENT 

In  order  to  reduce  this  complexity  to  something  approaching  man- 
ageable terms,  the  Task  Force  staff  has  drawn  on  expert  testimony,  on 
recent  studies,  and  on  its  own  analysis  to  produce  this  staff  report. 
This  staff  report  notes  areas  of  wide  agreement  on  the  nature  of  the 
energy  problem.  But  more  important  it  reduces  areas  of  disagreement 
to  broad  but  fundamental  choices  and  presents  analysis  that  illumi- 
nates the  principal  effects  of  these  choices  on  energy  prices  and  the 
economy  and  on  progress  toward  greater  energy  self-sufficiency. 
B.  The  Energy  Problem 

The  economic  disruption  which  the  United  States  and  other  industrial 
nations  have  experienced  over  the  last  year  began  with  increases  in  oil 
prices;  oil  price  increases  remain  an  important  threat  to  the  economies 
of  all  industrial  nxitions. 

It  is  almost  2  years  since  OPEC  imposed  its  oil  embargo  in  1973. 
During  these  2  years,  the  price  of  OPEC  oil  has  increased  five-fold. 
Simultaneously,  the  industrial  world  has  experienced  its  most  violent 
inflation  in  this  century  and  its  most  serious  recession  since  the  Great 
Depression  of  the  1930's.  While  the  energy  situation  was  not  the  only 
cause  of  the  increase  in  the  general  price  level  and  unemployment,  it 
is  clear  that  the  increase  in  oil  prices  played  a  major  role  in  the  eco- 
nomic disruption. 

The  OPEC  cartel  is  unlikely  to  dissolve  soon  in  a  competitive  eco- 
nomic war;  at  least  U.S.  policy  cannot  be  based  on  that  possibility. 
The  cartel  has  indicated  it  will  continue  to  ask  a  higher  price  for  its 
oil.  There  is  virtually  no  chance  that  pre-1973  oil  prices  can  be  re- 
established. If  oil  pnces  decrease  at  all,  it  is  unlikely  to  happen  for 
several  years.  The  best  the  United  States  and  other  oil  importing 
countries  may  be  able  to  do  is  to  keep  current  OPEC  prices  from  rising 
further  and  to  accommodate  themselves  to  these  prices  with  as 
little  disruption  as  po.ssible. 
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DEPENDENCE   ON   OPEC   OIL 

The  dependence  of  the  industrialized  world  on  OPEC  oil,  which  began 
in  the  1950's,  will  persist  throughout  the  1970's  and  into  the  1980's.  That 
dependence  will  expose  the  industrialized  world  not  only  to  OPEC 
price  pressure  but  to  the  prospect  of  attempts  at  foreign  policy  manip- 
ulation with  new  embargoes  as  one  policy  weapon. 

The  United  States  can  hold  down  its  needs  for  imported  oil  by  in- 
creasing domestic  production,  accelerating  its  nuclear  fission  and  other 
alternate  source  programs  and  implementing  more  stringent  conserva- 
tion measures.  No  matter  what  policies  the  United  States  pursues  in 
the  short  run,  there  is  no  prospect  for  altering  the  fundamental  de- 
pendence of  the  industrial  world  on  OPEC  oil  until  the  1980's.  None- 
theless, if  energy-dependency  is  to  be  reduced  in  the  next  decade,  the 
United  States  must  begin  immediately  to  develop  new  technologies 
for  using  and  producing  energy.  Until  U.S.  policies  begin  to  pay  of  in 
greater  control  over  price  and  supply,  the  OPEC  countries  will  be  running 
large  trade  surpluses  and  accumulating  petrodollars. 

C.  Policy  Strategies 

Congress  will  make  a  number  of  decisions  with  respect  to  energy 

policy  over  the  next  few  months.  Each  of  those  decisions  will  directly 

affect  consumers   and  producers   and,   in  turn,   the   U.S.   economy. 

Among  the  decisions  Congress  will  address  are: 

— Should  the  price  of  ''old"  oil  be  decontrolled  and,  if  so,  in  what 

way  and  how  fast? 
— Should  the  price  of  "new"  oil  be  controlled  and,  if  so,  at  what 

price? 
— Should  new  natural  gas  prices  be  deregulated  or  simply  increased 
by  regulation  and,  if  so,  what  new  prices  would  be  set  for  inter- 
state and  intrastate  gas? 
— Should  the  price  of  natural  gas  already  flowing  be  allowed  to  rise 

from  the  current  price? 
— Should  tariffs  be  used  to  further  increase  energy  prices? 
In  order  to  provide  information  to  the  Task  Force  that  would 
evaluate  the  choices  the  staff  report  has  examined  four  energy  policy 
alternatives.  Although  none  of  the  alternatives  may  correspond 
exactly  to  current  proposals,  two  alternatives  are  similar  to  policies 
that  have  been  proposed  by  the  administration.  Two  other  alternatives 
have  been  designed  by  the  staff  to  illustrate  important  effects  that 
would  ensue  from  a  pohcy  approach  significantly  different  from  the 
first  two. 

1.  Immediate  Decontrol 

The  first  alternative  is  one  in  which  oil  and  natural  gas  price  controls 
are  eliminated  immediately.  The  rationale  for  this  alternative  is  that, 
given  the  uncertainty  and  politics  of  the  energy  situation,  market 
pricing  will  best  allow  adjustment  to  change  and  will  balance  the  costs 
and  benefits  of  energy  production  and  consumption. 

principal  elements 

The  principal  elements  of  this  alternative  are: 
— ^immediate  decontrol  of  "old"  oil  prices; 
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— immediate  deregulation  of  "new"  gas  in  interstate  markets;  and 

— elimination  of  the  $2.00  oil  tariff. 

An  "immediate  oil  decontrol"  alternative,  with  a  tariff,  had  original- 
ly been  advocated  by  the  administration.  Recently,  however,  the 
administration  has  indicated  willingness  to  consider  a  39-month 
phase-out  of  oil  price  controls. 

2.  39-MoNTH  Phaseout,  $11.50  Oil,  Natural  Gas  Deregulation 

The  second  alternative  is  one  in  which  all  oil  prices  are  controlled 
for  39  months,  and  new  natural  gas  prices  are  immediately  deregulated. 
This  alternative  recognizes  the  threat  to  price  stability  and  economic 
recovery  inherent  in  immediate  oil  price  decontrol  and  would  moderate 
that  threat  by  allowing  oil  prices  to  increase  less  rapidly  over  a  period 
of  39  months.  This  alternative  also  reflects  the  view  that  rising  prices 
are  necessary  to  provide  incentive  for  development  of  domestic  energy 
sources. 

PRINCIPAL    ELEMENTS 

The  principal  elements  of  this  alternative  are : 

— imposition  of  a  ceiling  price  on  new  oil  for  39  months,  with  the 

ceiling  price  set  initially  at  $11.50  per  barrel  and  increasing  at  the 

rate  ojf  $.05  per  month  for  39  months; 
— redefinition  of  "old"  oil  so  that  by  the  end  of  39  months  all 

domestic  oil  is  subject  to  a  single  ceiling  price; 
— deregulation  of  new  natural  gas;  and 
—elimination  of  the  $2.00  oil  tariff. 

3.  66-MoNTH  Phaseout,  $9.00  Oil,  $1.30  Natural  Gas 

The  third  alternative  is  one  in  which  prices  for  both  oil  and  natural 
gas  would  be  controlled  for  66  months.  This  alternative  places  a  high 
premium  on  preventing  energy  price  shocks  and  reflects  the  view  that 
adequate  incentives  for  energy  conservation  and  production  can  be 
provided  even  with  price  controls  on  both  oil  and  natural  gas  which 
allow  relatively  modest  price  increases  over  a  period  of  66  months. 

PRINCIPAL   ELEMENTS 

The  principal  elements  of  this  alternative  are: 

— imposition  of  a  ceiling  price  on  new  oil  .for  66  months,  with  the 
ceiling  jDrice  set  initially  at  $9.00  per  barrel  and  increasing  at  5 
cents  per  month  for  66  months; 

— redefinition  of  "old"  oil  so  that  by  the  end  of  66  months  all 
domestic  oil  is  subject  to  a  single  ceiling  price; 

— extension  of  controls  to  natural  gas  in  intrastate  markets  with  a 
ceiling  price  on  new  gas  set  initially  at  $1.30  per  Mcf  and  increas- 
ing at  1  cent  per  month  for  66  months;  and 

— elimination  of  the  oil  tariff. 

4.   66-MoNTH   Phaseout,   $7.50  Oil,   $1.00   Natural   Gas 

The  fourth  alternative  is  similar  to  the  third  except  that  the  ceiling 
jmces  for  oil  and  natural  gas  are  set  initially  at  $7.50  per  barrel  and 
$1.00  per  Mcf  respectively. 
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D.  Criteria  for  Choosing 

The  choice  among  alternative  energy  policies  should  depend  pri- 
marily on  how  well  each  would  satisfy  the  two  objectives  stated  on  the 
first  page;  on  which  alternative  strikes  the  best  balance  among  the 
following  goals  for  the  economy  and  energ}'  independence: 

(1)  A  prompt  recover}-  from  the  current  recession,  given  the 
likely  restraints  on  fiscal  and  monetary  policies ; 

(2)  Retention  of  the  gains  already  achieved  on  inflation; 

(3)  Growing  independence  of  OPEC  decisions  in  the  sense  that 
the  United  States  could  ^vithstand  higher  OPEC  oil  prices  or  an 
Arab  embargo  without  undue  economic  hardship;  and 

(4)  Influence  over  OPEC  to  stabilize  or  even  reduce  the  world 
price  of  oil. 

Obviously,  these  goals  are  related  and  progress  toward  one  will 
have  important  effects  on  the  other  goals.  For  example,  if  the  United 
States  could  eliminate  its  oil  imports,  thereby  becoming  independent 
of  OPEC  decisions,  it  would  at  the  same  time  discourage  further  oil 
price  increases  by  shrinking  the  OPEC  market. 

Recover}^,  inflation  and  energy  independence  are  related.  The  fear  of 
reigniting  inflation  may  restrict  the  speed  at  which  both  economic 
recovery  and  energy- independence  are  pursued.  And  economic  recovery 
itself  will  increase  energy  consumption  and  oil  imports  in  the  short-run 
at  least. 

ALTERNATIVES   EXAMINED 

The  following  chapters  will  examine  each  of  the  alternatives  quanti  - 
tatively  in  terms  of  these  goals  and  related  issues.  How  much  will  each 
alternative  add  to  domestic  energy  production  or  reduce  U.S.  energy 
consumption,  thereby  diminishing  U.S.  oil  imports?  What  are  the 
inflationarv^  consequences  of  each  choice  over  the  remainder  of  this 
decade?  How  much  will  each  alternative  add  to  unemployment  if 
targets  for  the  deficit  and  the  growth  in  the  mone}^  supply  remain 
unaltered  or,  equivalently,  how  much  larger  must  the  deficit  and 
money  stock  be  to  leave  the  unemployment  rate  unaltered  irrespective 
of  the  choice  on  energy?  What  are  the  deficit  and  monetary  policy 
impHcations  for  fiscal  year  1976  and  1977  of  each  alternative,  assuming 
a  target  unemplo\Tnent  rate  of,  sav,  6.5  percent  is  sought  for  the  end  of 
1977. 

E.  Summary  of  Analysis  and  Major  Conclusions 

The  staff  analysis  indicates  that  under  all  the  alternatives,  except 
the  66-month  phaseout  with  $7.50  oil  and  $1.00,  natural  gas  energy 
prices  would  increavse  over  the  next  year.  In  the  subsequent  year, 
1976:4  to  1977:4,  energy  prices  would  increase  under  all  four  alterna- 
tives. 

The  energ}'  price  increases  associated  with  the  alternatives  will  add 
to  inflation  and,  by  reducing  consumer  purchasing  power,  will  increase 
unemployment.  The  inflation  and  unemployment  effects  are  most 
adverse  in  the  immediate  decontrol  alternative,  and  least  adverse  in 
the  66-month  phaseout  with  $7.50  oil  and  $1.00  natural  gas.  The 
unemployment  effects  can  be  further  moderated  by  fiscal  and  monetary 
policies.  (In  addition,  it  should  be  noted  that  no  consideration  was 
given  to  any  unemployment  or  inflation  which  might  result  from 
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Table  I. — Energy  prices- 


■Percent  change  under  alternative  decontrol 
policies 


Policy  options 

Immediate 

39-mo. 
$11.50  oil 
$1.80  gas 

66-mo. 
$9.00  oil 
$1.30  gas 

66-mo. 

'      $7.50  oil 

$1.00  gas 

75:3  to  76:4 

36.6 

14.6 
24.3 

2.1 
16.5 

-2.  9 

76:4  to  77:4 

20.  1 

14.  0 

shortages  or  allocations  of  energy  should  these  occur  under  the  66- 
month  or  even  the  39-month  alternatives.) 

Each  alternative  but  the  66-raonth  phaseout  with  $7.50  oil  and 
$1.00  natural  gas  provides  the  certainty  of  high  enough  prices  for  new 
oil  and  gas  to  provide  adequate  incentive  for  new  exploration  develop- 
ment. The  66-month  phaseout  with  $9.00  oil  and  $1.30  natural  gas 
would  allow  a  rate  of  return  on  investment  of  between  12.3  percent 
and  14  percent  depending  on  cost  assumptions.  It  should  be  noted  that 
the  average  rate  of  return  in  the  oil  and  gas  industry  is  almost  12  per- 
cent over  the  last  10  years.  However,  with  $7.50  oil  and  $1.00  natural 
gas  the  rate  of  return  would  be  about  8  percent,  too  low  to  provide 
adequate  incentive  for  new  exploration  and  development. 

Table  II. — Inflation  and  unemployment  rates— Percent  increases  under 
alternative  decontrol  policies 


Policy  i 

options 

Immediate 

39-mo. 
$11.50  oil 
$1.80  gas 

66-mo. 
$9,00  oil 
$1.30  gas 

66-mo. 

$7.50  oil 

$1.00  gas 

Inflation  rate: 
"75:3  to  76:4  .. 

2.9 
1.8 

.9. 
.5 

1.2 
1.9 

.4 
.6 

0.3 
1.  1 

.  1 
.3 

-0.  1 

76:4  to  77:4 

Unemplovment  rate:* 

75:3  to  76:4 

76:4  to  77:4._ 

.9 

0 
.  3 

*Assumrng  no  fiscal  and  monetary  effects. 

NEAR-TERM  INCREASES    ,       , 

^  Oil  imports  increase  above  current  levels  under  all  of  the  alterna- 
tives in  the  near  term,  1975:3  to  1977:4.  By  1980:4,  however,  imports 
are  diminishing  as  domestic  production  responds  to, price  incentives  in 
a!I  of  the  alternatives  except  the  66-month  phaseout  with  $7.50  oil  and 
$1.00  natural  gas. 

'_^The  staff  analysis  indicates  that  it  may  be  impossible  to  mitigate 
the  inflationary  consequences  of  higher  energy  prices.  Therefore, 
oiily  the  66-month  phaseout  with  $9.00  oil  and  $1.30  natural  gas 
^u  •  P^^.^*^®  *'^®  requited  investtnent  incentives  without  jeopardizing 
the  mflation  rate  targets  assumed  in  the  First  Concurrent  Resolution. 
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Table.    III. — Oil   import   levels   under   alternative   decontrol  policies 


Policy  options 

Immediate 

39-mo. 
$11.50  oil 
$1.80  gas 

66-mo. 
$9.00  oil 
$1.30  gas 

66-mo. 
$7.50  oil 
$1.00  gas 

1975:3   . 

6.  2 

6.2 

7.7 
5.2 

6.  2 
7.9 
7.0 

6  2 

1977:4 

7  3 

8  6 

1980:4 

_-     -_   -                 5.  2 

9.  4 

The  39~month  alternative  would  provide  a  higher  rate  of  return  with 
somewhat  more  inflation. 

ENERGY   SHOCK  DETRIMENTAL 

Although  it  may  be  possible  to  offset  the  reduction  in  purchasing 
power  of  higher  energy  prices,  a  full  fiscal  and  monetary  offset  will  be 
difficult  to  achieve  if  the  economy  experiences  a  large  energy  shock. 
Immediate  decontrol  would  likely  entail  abandonment  of  the  unem- 
ployment targets  set  forth  in  the  First  Concurrent  Resolution. 

Limitations  to  Analysis 

Policymakers  will  have  to  make  judgments  concerning  economics 
and  technology  that  are  subject  to  a  host  of  uncertainties.  This  report 
is  intended  to  help  in  those  judgments.  But,  it  must  be  remembered 
that  this  analysis  depends  on  the  underlying  assumptions.  Therefore, 
the  important  technical  and  conceptual  limitations  to  this  study  should 
be  stated  explicitly.  Some  of  the  following  considerations  could  be 
quantified  with  substantial  further  work — others  cannot  be. 

BTU  EQUIVALENT 

(1)  To  facilitate  calculations  of  overall  price  increases  this  report 
has  assumed  that  all  fuels  tend  (possibly  with  some  lag)  toward  the 
Btu  equivalent  price  of  oil  unless  the  prices  are  controlled.  As  men- 
tioned in  the  report,  this  tendency  is  subject  to  (a)  the  ability  and 
suitability  of  substituting  one  fuel  for  another,  (6)  the  extent  to  which 
long-term  contracts  and  State  regulations  are  binding,  and  (c)  the 
competitiveness  of  each  energy  industry.  The  result  is  that  it  is  diflB- 
cult  to  determine  in  this  historically  unique  environment  the  actual 
price  movements  which  will  follow  any  policy  alteration.  The  price  of 
any  fuel  may  be  higher  or  lower  than  the  Btu  equivalent  price. 

ECONOMIC  CONSEQUENCES 

(2)  The  eventual  economic  consequences  of  increased  fuel  prices 
are  dependent  upon  the  manner  in  which  the  recipients  of  the  revenue 
increases  (fuel  producing  countries  and  domestic  companies)  spend 
their  revenues.  Several  factors  ma}^  be  mentioned  as  possible  offsets 
to  the  drop  in  consumption  and  investment  occasioned  by  higher 
energy  prices.  To  the  extent  that  increased  revenues  result  in  inducing 
new  net  investment  and  exports,  domestic  employment  is  stimulated. 
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Likewise,  the  effect  of  OPEC  and  third  country  purchases  of  financial 
assets  would  have  a  mitigating  effect  upon  interest  rates,  and  hence 
would  be  beneficial  to  investment.  State  and  local  governments  will 
receive  increased  revenues  from  severance  taxes  and  royalties  and 
any  increase  in  their  expenditures  caused  by  this  revenue  flow  will 
also  help  offset  the  depressing  effects  upon  the  economy.  Again, 
though  some  attempt  is  made  to  account  for  these  offsets,  the  predic- 
tion of  their  total  impact  is  likely  subject  to  considerable  error. 

DEPRESSING    EFFECT 

{^)  OPEC  price  increases,  programs  of  decontrol  and  sympathetic 
fuel  price  movements  will  have  a  depressing  effect  upon  economic 
activity  unless  they  are  offset  by  the  considerations  enumerated  above. 
This  report  suggests  any  recessionary  effect  that  does  remain  can  be 
cushioned  by  offsetting  monetary  and  fiscal  policy.  It  should  be  noted 
that  the  effectiveness  of  these  offsets  depends  upon  the  degree  to 
which  the  drain  on  consumer  purchasing  power  is  equivalent  to  a 
"tax"  as  it  is  suggested  in  chapter  III.  It  is,  in  fact,  equivalent  only 
if  (a)  relative  prices  of  some  commodities  on  the  economy  do  not 
adjust  downward  in  response  to  energy  price  increases,  (b)  proceeds 
from  higher  prices  are  not  respent  by  domestic  producers  or  OPEC 
countries,  (c)  the  quantity  of  fuels  purchased  are  not  responsive  to 
price  ("price  inelastic"),  and  (d)  the  average  rate  at  which  currency 
changes  hands  (velocity)  does  not  increase  to  support  the  higher  price 
level.  Otherwise,  the  extent  of  monetary  and  fiscal  offset  must  be 
adjusted  downward  from  a  strict  dollar-for-dollar  offset.  This  report 
does  make  some  adjustment  but  may  still  overstate  the  degree  required. 
That  is,  not  all  changes  in  relative  prices  can  be,  or  should  be,  offset 
b}'  monetary  and/or  fiscal  policy. 

WHARTON    ECONOMETRIC    MODEL 

(4)  The  Wharton  Econometric  Model,  which  is  used  to  allocate  the 
total  inflationary  effects  of  energy  price  increases  and  the  monetary  and 
fiscal  actions  called  for  by  the  potential  recessionary  impact  may  be 
the  best  simulative  device  available.  However,  the  model  is  based 
upon  historical  relationships  which  were  never  subjected  to  our 
present  energy  environment.  Consequently,  the  results  should  be 
approached  with  caution. 

Likewise,  it  must  be  remembered  that  the  relationships  expressed 
in  the  model  are  necessarily  limited.  For  example,  the  simulations  do 
not  account  for  the  economic  costs  of  natural  gas  shortages.  The  model 
seems  to  predict  the  unemployment  effects  of  decontrol  but  ignores 
the  unemployment  effects,  particularly  in  the  case  of  natural  gas,  of 
not  having  decontrol. 

Secondly,  the  simulations  do  not  account  for  extra  costs  associated 
with  natural  gas  curtailments,  such  as,  the  added  costs  for  conversion 
from  natural  gas  to  alternative  fuels  and  the  added  per  unit  costs  of 
transportation  associated  with  curtailments.  Estimates  show  these 
costs  for  the  Nation  to  run  into  billions  of  dollars. 

PSYCHOLOGICAL    ADVANTAGES 

Third,  the  simulations  ignore  much  longer-run  supply  effects  in 
the    energy    industry.    There    are   maior   economic,    social,    national 
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security  and  market  psychology  advantages  of  price  certainty  and 
price  allocation.  In  this  context,  one  must  ask  the  question:  What  costs 
are  associated  with  doing  nothing?  How  much  investment  has  not 
taken  i)la<  e  because  of  uncertainty  in  the  energy  industry?  How  much 
unemi)loyment  has  ensued  as  a  consequence  of  the  lack  of  an  energy 
program?  What  is  going  to  be  the  economic  (and  other)  costs  as- 
sociated with  an  inefficient  allocation  system  which  comes  under  a 
control  situation?  What  are  the  [)otential  costs  associated  with  another 
embargo? 
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Chapter  11 

ENERGY  PRICES  AND  IMPORTS* 

A.  The  Key  Decisions 

The  international  implications  of  energy  policy  are  discussed  in  the 
final  chapter  of  this  report.  However,  there  are  two  important  con- 
clusions from  that  chapter  which  have  a  crucial  bearing  on  domestic 
energy  policy: 

(1)  U.S.  energy  policy  must  strive  to  reduce  our  dependence  on  im- 
ported oil. 

(2)  It  is  unlikely  that  feasible  reductions  in  U.S.  imports  will  under- 
mine the  OPEC  cartel  in  this  decade  at  least.  Therefore,  it  is  unwise  for 
the  United  States  to  take  undue  risk  with  its  own  economy  in  order  to 
achieve  short-run  reductions   in  imports. 

The  first  conclusion  suggests  policies  that  eventually  lead  to  in- 
creased prices.  The  second  conclusion  implies  that  these  increases 
should  be  graduall}"  phased  in  over  a  period  of  years.  The  important 
decision  is  then  the  permissible  rate  of  price  increase.  The  specific 
decisions  are: 

(1)  The  rate  at  which  "old"  oil  is  refined  as  "new"  oil. — 
Approximately  two-thirds  of  domestically  produced  oil  is  now  sold  at 
the  controlled  price  of  $5.25  per  barrel.  The  current  definition  of  "old" 
oil  is  the  1972  production  rat«  from  the  property  in  question  less 
"released"  oil  which  is  production  in  excess  of  the  1972  level.  This 
definition  ignores  the  natural  decline  of  oil  fields  and  discourages 
secondary  production.  Redefinition  would  recognize  this  geological 
fact.  The  Task  Force  heard  recoromendations  ranging  from  1  to  4 
percent  per  month  (2  to  8  years  "decontrol"). 

(2)  The  price  ceiling  on  "new"  oil. — Unless  the  price  of  new  oil 
is  controlled  U.S.  prices  will  follow  OPEC  price  increases.  The  range 
at  issue  is  from  $7.50  in  the  House  bill  (H.R.  7104)  to  $11.50  in  the 
President's  proposal. 

(3)  Special  prices  or  exclusions  from  the  price  ceiling. — The 
House  bill  would  set  a  higher  ceiling  ($10.00-$11.50)  for  certain  oil 
from  high  cost  production.  Others  propose  excluding  oil  recovered 
by  secondary  or  tertiary-  methods  or  produced  from  shale  or  coal 
from  controls  altogether.  Similar  exclusions  have  been  proposed  for 
high  cost  natural  gas. 

(4)  Windfall  profits  tax. — A  windfall  profits  tax  could  be  used 
to  either  (a)  reduce  profits  from  decontrol  or  (b)  insure  that  profits 
are  reinvested  in  energy  development  by  introducing  plowback 
arrangements. 

(5)  Existing  contracts  for  natural  gas. — Much  natural  gas, 
expecially  in  the  interstate  market,  is  sold  under  long-term  contract. 


*  For  limitations  in  the  analysis,  see  pages  7-9,  Chapter  I. 

(11) 
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The  effect  of  whatever  is  done  with  new  natural  gas  prices  will  depend 
on  what  happens  to  the  natural  gas  under  these  old  contracts.  Without 
special  arrangements  renegotiation  is  likely  in  the  face  of  a  natural 
gas  shortage  and  the  wide  price  differential  (300  percent  or  more) 
likely  between  "old"  and  "new"  natural  gas. 

(6)  New  natural  gas  prices. — There  are  four  alternatives  with 
regard  to  natural  gas  that  is  either  newl}^  found  or  released  as  old 
contracts  expire. 

(a)  decontrol  of  all  new  natural  gas ; 

(b)  continue  decontrol  for  gas  sold  in  intrastate  markets  and 
control  for  gas  sold  in  interstate  markets  with  some  administrative 
means  of  allocation  between  the  markets; 

(c)  eliminate  market  distinction  and  set  natural  gas  prices 
equal  ^o  the  Btu  equivalent  of  oil  prices,  either  the  blend  price  of  ■ 
domestically  produced  oil  or  of  all  oil  including  imports  or  of 
"new"  oil;  and 

(d)  eliminate  market  distinction  and  set  natural  gas  prices 
equal  to  some  "fair"  price. 

These  six  decisions  will  reflect  the  polic}'  answers  to  the  tradeoff 
between  goals  for  energy  and  those  for  inflation.  Higher  prices  provide 
greater  cash  flow  to  producers  and  greater  incentives  for  production. 
Higher  prices  encourage  conservation.  Gradualism  gives  more  weight 
to  the  inflation  goal.  The  rate  of  redefinition  of  "old"  oil  and  natural 
gas  (via  contract  renegotiation)  provides  additional  cash  flow  but 
little  further  incentive  to  find  new  oil  or  natural  gas.  Because  oil  and 
natural  gas  are  frequently  found  together  the  price  of  both  products 
influence  the  expected  rate  of  return  from  successful  wells. 

Section  B  presents  estimates  of  the  rate  of  return  that  will  follow 
from  alternative  prices  for  new  oil  and  natural  gas. 

Section  C  of  this  chapter  presents  estimates  of  the  price  path  for 
fossil  fuels  under  alternative  energy  policies,  including  immediate 
decontrol.  These  estimates  are  then  converted  into  additions,  to  the 
general 'inflation  in  Section  D.  Estimates  of  the  impact  of  these 
energy  price  paths  on  overall  economic  activity  are  left  to  chapter  HI. 

B.  The  Appropriate  Price  for  New  Oil 

A  balance  must  be  struck  between  the  undesirable  macroeconomic 
consequences  of  high  oil  ])rices  on  the  one  hand  and  the  desirable 
stimulus  higher  .prices  provide  for  increasing  production  and  encourag- 
ing conservation  on  the  other  hand.  The  macroeconomic  impacts  are 
discussed  in  Chapter  HI.  In  this  section  we  consider  the  relationship 
between  domestic  oil  prices  and  the  exploration  and  development  of 
new  reserves. 

RECENT  STUDY 

A  recently  published  study  by  La  Rue,  Moore  and  Schafer,  a  petro- 
leum consulting  firm,  claims  to  show  that  a  price  of  $12.84  per  barrel 
would  have  been  necessary  in  1974  in  order  to  jusUfy  the  exploration 
and  dnllmg  that  took  place  in  that  year.  The  study  calls  this  the 
economic  cost  of  bringing  in  new  oil  where  economic  cost  is  defined  as 
the  "cost  of  finding  and  developing,  and  producing  crude  petroleum  in 
the  lower  48  States  plus  the  minimum  return  on  the  operator's  capital 
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necessary  to  sustain  exploration."  The  presumption  of  the  .study  is 
that  itls  unprofitable  to  search  for  oil  in  the  lower  48  States  if  tl^e  prip.e 
is  less  than  $12.84  per  barrel.  Despite  some  limitations^  th'e  study  prb- 
vides  a  convenient  departure  for  considering  the  pricfe  of  oil  tJiat  is 
necessary  to  encourage  further  exploration.  ,         ' 

,  .  PRICE  COMPUTED 

The  study  computes  the  $12.84  price  as  follows:  (1)  The  actual 
investment  cost  incurred  in  1974  is  taken  as  given;  (2)  Actual  dis- 
coveries in  1974  are  also  taken  as  given  and  are  assumed  to  have 
resulted  from  the  investment  cost  just  noted;  (3)  A  pattern  of  produc- 
tion from  these  new  reserves  is  assumed  which  extends  27  years  into 
the  future;  (4)  This  future  production  is  assumed  to  be  sold  at  a  con- 
stant price,  and  the  receipts  are  discounted  at  a  15  percent  rate  of 
interest;  (5)  A  price  is  found  which  makes  the  discounted  stream 
exactly  equal  to  their  initial  investment  costs.  This  price  is  called  the 
economic  cost  of  producing  new  oil. 

CASH  FLOW  METHODOLOGY 

The  discounted  cash  flow  methodology  that  has  just  been  described 
is  the  appropriate  one  for  investment  decisions  that  must  be  made  by 
firms.  One  could  question  the  usefulness  of  the  technique  for  making 
national  policy  decisions  about  the  price  of  oil,  however,  since  it  does 
not  tell  anything  about  the  responsiveness  of  the  industry  to  changes 
in  the  price.  How  much  exploration  would  take  place  if  oil  were  to  be 
priced  at  $12.00  per  barrel  remains  unknown;  likewise  how  much  more 
if  the  price  were  a  dollar  higher?  In  this  regard  it  is  interesting  to  ask 
why  firms  invested  so  much  in  1974  when  the  price  of  oil  was  below 
$12.84  per  barrel.  The  cash  flow  methodology  does  not  answer  such 
questions.  Nonetheless,  it  is  interesting  to  ask  what  price  would  be 
consistent  in  the  long  run  with  the  level,  the  cost,  and  the  success  of 
exploration  and  drilling  activity  that  took  place  in  1974.  It  is  the 
determination  of  this  price  that  we  consider  next. 

ADJUSTMENTS   TO   COMPUTATIONS 

Four  adjustments  will  be  made  to  the  La  Rue,  Moore  and  Schafer 
(LMS)  computations.  The  adjustments  and  their  effect  on  the  com- 
puted economic  cost  of  new  oil  can  be  summarized  as  follows: 

(1)  LMS  assume  the  price  of  natural  gas  will  remain  at  $0.449/mcf 
over  the  next  28  years.  If  instead,  a  price  of  $1.30/mcf  is  assumed  and 
the  relationship  of  oil  to  gas  discoveries  is  maintained,  the  extra 
revenue  earned  from  gas  permits  a  reduction  in  the  price  of  oil  to 
$11.65  without  affecting  the  profits  of  oil  producers. 

(2)  The  actual  outlays  for  lease  acquisitions  in  1972  are  used  as  an 
estimate  of  the  costs  of  the  leases  on  which  drilling  occurred  in  1974. 
However,  1972  seems  to  be  a  year  of  higher  than  average  purchases  of 
leases.  If  a  4  j^ear  average  of  lease  costs  is  used  instead,  lease  costs 
fall  by  36  percent  and  an  oil  price  of  $10.83  is  sufficient  to  >deld  the  15 
percent  return  required  in  the  LMS  study.  This  price  also  assumes  a 
price  for  gas  of  $1.30/mcf. 
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(3)  The  15  percent  rate  of  return  is  computed  under  the  assumption 
that  the  price  and  cost  of  producing  oil  will  remain  constant  for  the 
next  28  years.  If,  instead,  both  the  price  of  oil  and  the  cost  of  producing 
it  rises  at  an  average  rate  of  6  percent  per  year,  the  rate  of  return  that 
can  be  expected  will  be  6  percent  higher  than  the  rate  required  by 
LMS.  Lowering  this  21  percent  rate  of  return  to  15  percent,  the  price 
of  oil  that  is  computed  by  using  the  LMS  methodology  is  $8.93,  in- 
cluding the  adjustments  for  lease  costs  and  gas  prices. 

(4)  This  number  is  appropriate  for  mid  1974.  Investment  costs  may 
have  increased  from  10  to  20  percent  since  then.  At  these  two  rates, 
the  equivalent  price  of  oil  for  mid-1975  becomes  |$9!59]and  $10.63  per 
barrel  respectively.  Lower  rates  of  return  yield  lower  prices  of  course, 

CORRECTIOXS   TO  THE  La  RuE,    MoORE  AND  SCHAFER  COMPUTATIONS 

Table  26  of  the  LMS  study  lists  the  data  of  interest  for  the  year 
1974.  A  copy  of  that  table  has  been  appended  to  this  report.^  There  are 
eight  numbers  on  the  table  that  will  be  used  here;  they  have  been 
highlighted  by  arrows  in  the  appendix. 

The  Price  of  Natural  Gas 

The  first  assumption  we  will  vary  is  the  price  of  natural  gas.  Since 
gas  and  oil  are  frequently  discovered  together  and  developed  through 
the  same  drilling  procedure,  a  higher  price  for  gas  will  make  it  more 
profitable  to  look  for  oil.  LMS  assume  that  the  price  of  gas  will  be 
$0.449/mcf;  we  will  use  a  price  of  $1.30/mcf  which  assumes  some 
changes  in  current  natural  gas  policy.  As  is  shown  in  table  I,  this 
increases  the  revenue  derived  from  gas  by  $1,426  million.  Gross  revenue 
can  be  held  constant  only  if  the  revenue  from  oil  falls  by  the  same 
amount,  and  as  the  table  shows,  this  ^nll  happen  if  the  price  of  oil  is 
set  at  $11.65  per  barrel  rather  than  at  $12.84  per  barrel. 

Table  I. — The  ejffect  oj  the  'price  oj  natural  gas  on  the  price  of  oil  if 
gross  sales  are  held  constant 


Price  X  Quantity 


Revenue  ^ 


Gas:  $0.449/mcfX  1,675  = 
Oil:  $12.84/bblX  1,195=. 


$752 
15,  342 


Total  (gross  sales) . .  _       16,  094 


Price  X  Quantity 


Revenue  ^ 


$1.30/mcfX  1.675  = $2,178 

$11. 64.5/bblX  1,195  = 13,916 

16,094 


'  Ga.s  quantities  are  expressed  in  billions  of  cubic  feet;  oil  quantities  are  in 
millions  of  barrels. 

2  Revenue  figures  are  expressed  in  millions  of  1974  dollars. 

Lease  Costs 

A  second  simple  adjustment  concerns  the  appropriate  treatment  of 
lease  acquisition  costs.  If  the  price  of  oil  is  raised  substantially,  lease 
costs  will  rise.  The  higher  lease  costs  should  not  then  be  used  as 
ovidcnco  that  a  further  price  increase  is  needed. 

'  Sec  table,   p.  62. 
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LEASE  COSTS  ESTIMATED 

How  much  of  the  lease  costs  should  be  ignored  because  they  are 
price  determined  rather  than  vice  versa?  We  don't  know.  We  feel 
certain  that  these  costs  would  fall  if  the  price  of  oil  is  reduced,  but  we 
don't  know  by  how  much.  Therefore,  no  correction  was  made  on 
these  grounds. 

LMS  uses  the  base  expenditures  of  1972  as  an  estimate  of  the  costs 
of  the  leases,  but  1972  happens  to  be  a  year  of  large  lease  acquisition 
expenditures.  During  1974  drilling  activity  was  about  25  percent 
greater  than  that  in  1973,  yet  lease  costs  were  three  times  higher.  If 
these  higher  costs  are  due  to  price  increases,  they  should  be  ignored 
because  of  the  argument  made  above  concerning  the  dependence  of 
lease  prices  on  oil  price.  If  the  higher  costs  are  due  to  the  fact  that  an 
abnormally  large  number  of  acres  was  leased  in  1972,  the  estimate 
should  be  reduced. 

To  get  an  estimate  of  the  normal  level  of  lease  costs,  we  averaged 
the  lease  acquisition  expenditures  made  in  1972  with  that  of  the 
preceding  3  years.  Averaging  reduced  expenditures  by  36  percent, 
and  reduced  total  investment  costs  by  7.2  percent.  With  investment 
costs  down  by  that  percentage,  adjusted  gross  income  (AGI)  can 
be  down  by  that  percentage  as  well  without  affecting  the  15  percent 
profit  rate  calculated  by  LMS.  The  reduction  in  AGI  is  transformed 
in  Table  II  to  a  reduction  in  gross  sales  using  the  proportional  royalty 
rate  and  sales  and  ad  valorem  tax  rates  found  in  LMS  Table  26. 

Table  II. — Conversion  of  changes  in  adjusted  gross  income  into  changes 

oj  gross  sales 

[Dollar  amounts  in  millions] 

Less 
With  all      36  percent  of  Percent 

lease  costs  lease  costs  difference 

AGI ---  $11,104  $10,301  7.3 

Ad  valorem  and  State  sales  tax^_  863  811  6.  1 

Royalty  expenses 2,012  1,890  6.1 

Operating  expenses 2,11.5  2,11.5  0 

Total  gross  sales 16,094  15,116  6.1 

If  the  price  of  gas  is  kept  constant  at  $1.30/mcf,  the  entire  reduction 
in  gross  sales  permits  a  reduction  in  oil  revenues  as  is  shown  in  table 
III. 

Table  III 

[In  millions  of  dollars] 

Less  36 

With  all  percent 

lease  costs  lease  costs 

Sales  of  gas $2,178  $2,178 

Sales  of  oil 13,916  12,938 


Total... - ---■_-  16,094  '15,116 
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With  sales  of  oil  of  1,195  million  bartels,  revenues  of  $12,938 
million  will  be  obtained  at  a  price  of  $10.83  per  barrel. 

Rates  of  Retukn 

The  La  Rue  study  does  not  permit  price  to  grow  over  time.  With 
prices  and  costs  held  constant,  the  calculation  yields  a  "real"  rate 
of  return,  or  a  rate  of  return  net  of  inflation.  If  one  allows  for  a  pre- 
dicted rate  of  inflation  in  the  price  of  oil  of  about  6-percent  per  year, 
the  real  rate  of  return  of  15  percent  implies  the  existence  of  a  nominal 
rate  of  return  of  21  percent.  This  is  quite  high.  Unfortunately  the  rate 
of  return  enters  into  the  calculation  in  a  nonlinear  fashion  and  it  is 
awkward  to  check  the  sensitivity  of  the  price  of  oil  reported  to  different 
rates  of  return.  However,  the  following  formula  should  provide  a 
good  approximation  to  the  exact  adjustment  that  would  be  implied 
by  using  different  rates  of  return.  For  any  given  price,  the  value  of 
the  receipts  should  vary  uith  the  rate  of  return  (r)  according  to  the 
following  formula. 

1  _g-27.S8(.I25+r) 

Value  of  receipts  =  ,__  , 

^  .12o+r 

This  formula  is  the  solution  to  the  integral  which  discounts  future 
pronts  at  rate  r  under  the  assumption  that  production  will  continue 
for  27.85  years  and  that  each  year's  production  will  be  12.5  percent 
smaller  than  the  previous  year's.  The  LMS  study  did  not  use  a  con- 
stant decline  rate,  but  the  variable  rate  they  did  use  is  best  approxi- 
mated by  a  decline  rate  of  12.5  percent.  Using  this  formula,  we  get 
the  following  values  for  various  rates  of  return. 

3.63452  as  a 

Formula  percent  of  the 

r  value         formula  value ' 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.15 

'  Column  3  shows  Adjusted  Gross  Income  as  a  percent  of  the  Adjusted  Gross 
Income  needed  to  yield  a  return  of  15  percent. 

The  formula  tells  us  the  value  of  the  future  profits  for  each  dollar 
of  present  profits  earned.  We  are  only  interested  in  comparative  values 
here.  Thus  the  table  tells  us  that  if  a  rate  of  return  of  10  percent  is 
required  instead  of  15,  that  profits  can  be  smaller  bv  18.06  percent. 
That  is,  3.63452/4.3547  equals  .8194.  This  tells  us  that  the  receipts 
are  worth  only  82  percent  as  much  if  discounted  at  a  rate  of  15  per- 
cent as  they  are  worth  if  discounted  at  a  rate  of  10  percent.  Alterna- 
tively, if  it  is  felt  that  a  10  percent  rate  of  return  is  appropriate,  AGI 
need  be  only  80.94  percent  as  large  as  it  would  have  to  be  if  a  profit 
rate  of  15  percent  were  demanded.  Since  these  are  real  rates  of  return, 
the  10  percent  rate  just  noted  is  approximately  equal  to  a  15  percent 
rate  in  money  terms.  The  following  table  shows  the  effect  of  the  rate 
of  rebunx  on  the  economic  cost  of  oil  as  calculated  by  LMS. 


4.  63879 

78.35 

4.  43547 

81.94 

4.  24880 

85.54 

4.  07689 

89.15 

3.91811 

92.76 

3.  77106 

96.38 

3.  63452 

100.  00 

39: 


17 


'l^ 


0<N' 


Lt  lit  O  (N 


MOO  00 
00'-i(MM 


(MOO 

1    ^.C 

«5t^ 

«•* 

o  — 

rf      . 

-O 

TfJ'N" 

(M-H 

"     1 

•^ 

00  00 


CO  00 
CO<N 

-"  1 


CCQO 


-HOC 


^5  00 


XC5 


con 


.£.2  c 


h 


<CPi'2 


c      o 


398 


18 

Cost  Increases 

These  prices  are  calculated  using  1974  data  and  are  appropriate 
estimates  of  the  cost  of  oil  at  that  date.  To  correct  for  inflation,  several 
adjustments  should  be  made.  First,  since  oil  prices  are  expected  to 
grow  by  at  least  6  percent  per  year,  it  is  appropriate  to  convert  these 
real  rates  of  return  into  nominal  rates  b}^  adding  6  percentage  points. 
Thus  the  price  of  $8.93  per  barrel  in  1974  corresponds  with  a  16-peTcent 
rate  of  return. 

INCREASES    IN    DRILLING    COSTS 

But  costs,  too,  have  probably  changed  since  1974.  The  cost  data 
being  used  already-  reflect  the  dramatic  increase  in  drilling  costs  that 
took  place  between  1973  and  1974.  Cost  per  well  is  assumed  to  be  27- 
percent  higher  in  1974  than  in  1973,  and  some  components  increased 
b}'  over  50  percent. 

Some  of  these  increases  represent  a  runup  in  equipment  rental 
prices  due  to  the  temporary  shortages  that  appeared  in  1974.  These 
prices  should  fall  in  the  future.  Others  represent  permanent  increases. 
Since  we  have  no  way  of  telling  how  the  1975  costs  unll  compare  to  the 
1974  figure — data  for  1975  are  incomplete — we  have  done  the  calcula- 
tions twice,  once  that  costs  have  increased  by  10  percent,  and  a  second 
time  assuming  20  percent.  This  means  that  sales  must  go  up  by  10 
percent  (or  20  percent)  to  maintain  the  same  rates  of  return.  (Since 
operating  expenses  are  increased  at  this  rate  also,  the  distinction  be- 
tween AGI  and  Sales  need  not  be  made  in  this  calculation.)  Holding 
gas  prices  constant,  the  oil  prices  must  go  up  by  more  than  the  rate 

Table  V. — The  Economic  Cost  of  New  Oil  as  Calculated  by  the 
La  Rue,  Moore  and  Schafer  Method 

A.  The  price  of  oil  per  barrel  if  drilling  costs  are  10  percent  higher 
than- in  1974: 

Gas    price    per    thousand    cubic    feet 


Nominal  rate  of  return  $1.00  $1.30  $1.80 

7  percent 6.  77  6.  35  5.  65 

9  percent 7.56  7.14  6.44 

1 1  percent 8.  37  7.  95  7.  25 

13  percent 9.19  8.77  8.07 

15  percent 10.01  9.59  8.89 

17  percent 10.84  10.42  9.72 

19  percent 11.68  11.26  10.56 

21  percent 12.51  12.09  11.39 

B.  The  price  of  oil  per  barrel  if  drilling  costs  are  20  percent  higher 
than  in  1974: 

7  percent 

9  percent 

1 1  percent 

1 3  percent 

15  percent 

17  percent 

19  percent ^ 

21  percent 


7.52 

7.  10 

6.  39 

8.38 

7.96 

7.26 

9.26 

8.84 

8.  14 

10.  15 

9.73 

9.03 

11.  05 

10.63 

9.  93 

11.96 

11.  54 

10.84 

12.87 

12.45 

11.75 

13.78 

13.36 

12.66 
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of  drilling  cost  increases.  Table  V  shows  the  1975  oil  prices  that 
correspond  to  the  different  nominal  rates  of  return  for  three  different 
assumptions  about  the  future  price  of  natural  gas. 

How  does  one  choose  a  rate  of  return?  The  question  is  awkward. 
Adelman,  in  his  definitive  study  of  the  petroleum  industry,  The  World 
Petroleum  Market  (Resources  for  the  Future,  Johns  Hopkins  Press, 
Baltimore,  1972)  cites  various  rates  of  return  as  appropriate  for  the 
exploration  and  production  of  oil  in  the  mid-1960's.  He  concludes: 
"The  limits  set  in  this  fashion  are  between  5  and  13  percent;  we  will 
use  9  percent  as  the  midpoint."  Among  the  references  he  cites  is  a 
speech  by  J.  R.  Wilson,  a  vice-president  of  Shell  Oil.  "We  have  chosen 
9  percent  as  representing  a  reasonable  rate  of  return  we  like  to  expect 
on  future  invested  capital  for  the  exploration  and  production  business." 
If  9  percent  was  appropriate  for  the  mid-1 960's,  what  rate  is  appropri- 
ate in  the  mid-1970's?  Since  the  mid-1960's,  two  factors  have  raised 
interest  rates  around  the  world,  inflation  and  tight  money.  The  rates 
Adelman  was  referring  to  are  nominal,  but  the  time  period  was  one  in 
which  inflation  rates  were  ver}^  low  and  the  distinction  between 
nominal  and  real  rates  was  not  often  made.  To  adjust  these  rates  to 
levels  appropriate  to  the  mid-1970's,  one  must  add  four  to  six  points 
for  the  difference  in  inflation  rates  and  tight  money.  Thus  using  a  13 
percent  rate  of  return  the  oil  price  for  the  mid-1970's  lies  between 
$8.07  and  $9.73  per  barrel  if  the  price  of  natural  gas  lies  between 
$1.30  and  $1.80  per  Mcf.  Using  the  15  percent  chosen  by  LMS  the 
oil  price  for  the  mid-1970's  lies  between  $8.89  and  $10.63  per  barrel 
if  the  price  of  natural  gas  lies  between  $1.30  and  $1.80  per  Mcf.'^ 

RULES   OF  THUMB 

From  the  tables,  a  few  rough  rules  of  thumb  emerge  that  can  be  used 
when  considering  the  effect  of  the  different  assumptions  on  the  price 
of  oil. 

(1)  Every  extra  10  cents  per  Mcf  of  natural  gas  can  be  trans- 
formed into  a  14  cents  reduction  in  the  price  of  a  barrel  of  oil. 

(2)  Every  extra  percentage  point  that  is  assumed  for  the  appro- 
priate rate  of  return  for  drillmg  and  exploration  adds  42  cents 
to  the  price  of  a  barrel  of  oil. 

C.  Alternative  Energy  Policies  and  the  Price  of  Fossil  Fuels 

Tables  IX  through  XII  below  present  estimates  of  the  prices  of 
fossil  fuel  energy  under  various  energy  policy  alternatives.  Four 
prices  are  shown: 

(1)  the  price  per  barrel  of  new  domestic  oil; 

(2)  the  average  price  per  barrel  of  all  oil  including  imports; 

(3)  the  average  price  per  thousand  cubic  feet  (Mcf)  of  natural 
ga^;  and 

(4)  the  average  price  of  fossil  fuel  energy  (oil,  natural  gas,  coal 
and  natural  gas  liquids)  in  oil  barrel  equivalents. 

2  The  marginal  relationship  between  the  price  of  oil  and  the  rate  of  return 
shown  in  table  V  is  virtually  the  same  as  that  shown  in  the  Joint  Economic 
Committee  study,  Oil  Profits  Prices  and  Capital  Requirements  (September  26, 
1975,  footnote  1,  p.  14.)  The  average  relationship  differs  substantially,  however, 
since  the  present  study  is  concerned  with  the  rate  of  return  on  new  investment 
only,  while  the  JEC  study  compvites  the  rate  of  return  on  all  past  equity  in\-estment, 
as  a  group.  It  should  be  noted  that  the  two  studies  use  very  different  methods  to 
arrive  at  the  same  conclusion  concerning  the  marginal  impact  of  changes  in  the 
price  of  oil  on  the  rate  of  return  to  investment. 
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The  tables  also  show  the  total  annual  payments  by  all  consumers 
for  fossil  fuel  energy. 

Table  VI  provides  a  benchmark  against  which  alternative  energy 
policies  can  be  compared.  The  table  shows  estimates  for  the  third 
quarter,  1975  of  the  four  prices  and  consumer  payments. 

Table  VI. — Energy  prices  (with  tariff  and  before  OPEC  increase) 

1975:3 

New  oil  price $12.00/barrel. 

Blend  price  all  oil $10.50/barrel. 

Blend  price  natural  gas $.62/mcf. 

Blend  price  all  fossil  fuel $7.00/barrel  in  oil 

equivalents. 

Consumer  payments,  all  fossil  fuel $82  billion  per  annum. 

The  estimates  in  Table  VI  are  based  on  the  production  and  price 
estimates  shown  below. 

Table  VII. — Fossil  fuel  production  and  prices  for  1975:3 

(Annual  Rates) 

Controlled  domestic  oil 1.90  billion  barrels  at 

$o.25/barrel. 
Uncontrolled  domestic  oil 1.17  billion  barrels  at 

$12.00/barrel. 
Oil  imports,  crude  and  product 2.25  billion  barrels  at 

$14.00/barrel. 

Interstate  natural  gas 13.0  tef  ^  at  $.33/mcf . 

Intrastate  natural  gas 8.0  tcf  at  $1.05/mcf. 

Natural  gas  liquids 0.6  billion  barrels  at 

$4.00/barrel. 
Coal--- 610  million  tons  at 

$20/ton. 
'  Trillion  cubic  feet. 

Basic  Methodology 

The  projections  for  fossil  fuel  energy  price  increases  and  the 
effects  of  the  various  energy  policy  alternatives  on  inflation  and  unem- 
ployment rates  are  based  on  an  energy  simulation  model  developed 
by  the  Senate  Budget  Committee  Staff. 

The  model  includes  a  3  percent  annual  rate  of  decline  of  production 
from  the  lower  48  States.  Alaskan  production  begins  in  1978  and 
increases  to  an  average  of  2  million  barrels  per  day  by  the  fourth 
quarter  1980. 

"new"  oil  and  gas  prices  determined 

The  crude  oil  import  price  is  equal  to  the  OPEC  price  plus  the  import 
tariff  (though  for  the  cases  presented  in  this  report,  the  tariffs  on 
imported  crude  and  product  have  been  removed).  The  domestic  ''new" 
oil  price  and  the  prices  of  intra-  and  interstate  gas  are  determined  as 
follows:  for  the  immediate  decontrol  alternative,  the  price  of  oil  is 
assumed  to  follow  closely  the  OPEC  price  less  a  50  cents  per  barrel 
quality  differential.  For  the  other  alternatives,  the  price  paths  are 
specified.  Each  is  explained  in  this  chapter.  Gas  prices  are  also 
explained  in  each  policy  alternative.  Under  the  phased-in  alternatives, 
the  gas  prices  tend  to  the  blend  price  of  oil  (in  Btu  equivalence) 
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after  their  speeified  phasing  perio4s-end.  Coal  is  pegged  to  the  blend 
price  of  oil.  , 

There  is  a  built-in  contract  turnover  rate  for  natural  gas  and  coal 
following  the  assumption  that  sanctity  of  contract  will  prohibit 
immediate  price  increases  when  unregulated  or  regulated  prices 
exceed  the  contract  prices.  The  turnover  rale  is  assumed  to  be 
described  by  an  exponential  form  representing  the  diversity  in  the 
length  of  contract.  In  the  immediate  decontrol  and  39-month  phaseout 
alternatives,  about  two-thirds  of  the  natural  gas  currently  under 
contract  is  assumed  to  move  up  to  the  new  price  by  the  fourth  quarter 
of  1977.  In  both  of  the  66-month  phaseout  alternatives,  the  same 
turnover  rate  is  assumed  for  intrastate  natural  gas,  but  only  about  half 
of  interstate  gas  is  assumed  to  move  up  to  the  new  price  over  the  same 
period.  The  slower  turnover  in  the  latter  alternatives  reflects  the  con- 
tinuation of  the  Federal  Power  Commission's  (FPC)  control  over 
existing  contracts.  Coal  contracts  also  involve  a  turnover  rate  similar 
to  gas  contracts  not  under  FPC  control. 

CONSUMER    PAYMENTS 

In  order  to  determine  consumer  payments,  increases  in  raw  fuel 
prices  are  passed  on  to  final  buyers  on  a  straight  dollar-for-doUar 
basis  with  no  percentage  markup.  This  is  done  gradually  over  a  period 
of  1  }^ear. 

In  the  model  real  growth  in  GNP,  price  elasticities  of  supply  and 
demand  and  their  effects  on  consumption  and  production  of  fossil 
fuels  have  been  held  constant.  Obviously,  one  cannot  make  projec- 
tions of  prices  and  quantities  without  such  considerations.  Conse- 
quently, calculations  were  made  subsequent  to  running  the  model  to 
make  the  necessary  adjustments. 

OPEC  Price  Increases 

In  order  to  compare  energy  policies,  it  is  necessary  to  make  some 
consistent  assumption  regarding  OPEC  price  increases  in  1975  and  in 
subsequent  years.  The  calculations  in  this  chapter  assume  a  $1.00 
per  barrel  OPEC  increase  annually  beginning  in  the  fourth  quarter 
1975.  Such  increases  would  reflect  the  successful  implementation  of 
an  OPEC  policy  designed  to  maintain  a  constant  real  oil  price  given 
a  5  to  7  percent  rate  of  inflation  in  the  industrial  countries. 

Domestic  Production 

In  each  alternative  the  price  for  new  oil  determines  the  rate  of 
domestic  production.  In  the  $7.50  to  $9.00  per  barrel  range,  supply 
elasticities  are  relatively  high;  eacli  increment  in  price  brings  forth 
significant  increases  in  the  rate  of  domestic  production  over  a  period 
of  several  years.  Beyond  $9.00  per  barrel,  supph'  elasticities  decline 
rapidly.  Consequently,  the  rate  of  domestic  production  is  not  substan- 
tially increased  with  higher  prices.  Because  of  the  different  rates  of 
domestic  production,  the  level  of  imports  varies  under  each  alter- 
native.' Import  levels  increase  in  the  near  term,  1975:3  to  1977:4, 


*  Import    levels    also    reflect    the    effect    of    energy    price    changes    on    total 
consumption. 
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under  all  alternatives.  But  by  1980:4  the  effect  of  higher  prices  on 
domestic  production  has  brought  import  levels  down  toward  or  below 
current  levels  except  under  the  66-month  phaseout  with  $7.50  oil. 

Table  VIII. — Import  levels  under  cUtemative  decontrol  policies  (MMBD) 


Decontrol  policy 

option.s 

Immediate 

39-month 
$11.50  oil 
$1.80  gas 

66-month 
$9.00  oil 
$1.30  gas 

66-month 
$7.50  oil 
$1.00  gas 

7o:3 

76:4 . 

77:4 

6.2 

6.6 

7.  3 

6.2 
7.0 
7.  7 
5.2 

6.2 
7.2 
7.9 
7.0 

6.2 
7.3 
8.  6 

80:4 

5.2 

9.4 

Immediate  Decontrol 

The  immediate  decontrol  alternative  assumes  that  price  regulations 
on  oil  and  natural  gas  prices  are  ended  in  1975 :4.  The  tariff  on  imported 
oil  is  removed.  Table  IX  shows  the  effect  this  alternative  would  have  on 
energy  prices. 

Table  IX. — Immediate  decontrol  (without  tariff) 

75:3  76:4  77:4         78:4         79:4         80:4 


New  oil  price  (per  barrel) ..  $12.  00     $13.  00     $14.  00     $15.  00     $16.  00     $17.  00 

Blend"  price:   AH   oil    (per 

barrel) 10.45       13.20       13.90       15.20       16.20       17.20 

Blend  price:   Natural  gas 

(per  thousand  cubic  feet).         .62         1.40         1.90         2.25         2.55         2.80 

Blend  price :  All  fossil  fuels 
(per  oil  barrel  equiva- 
lents)        7.00         9.50       11.50       13.50       14.75       15.75 

Consumer  payments:  All 
fo.ssil  fuels  (billions,  an- 
nual rates) . 82  119  147  171  193  213 


39-MoNTH  Phase  Out 

The  second  alternative  is  the  oil  decontrol  plan  proposed  by  the 
administration  on  July  25,  1975,  coupled  with  the  immediate  decontrol 
of  natural  gus.  More  specifically: 

(1)  Old  oil  is  decontrolled  over  39  months  at  a  rate  of  VA  percent 
(78,000  barrels)  per  month  for  the  first  12  months,  2^i  percent  (130,000 
barrels)  per  month  for  the  next  12  months  and  Sji  percent  (182,000 
barrels)  per  month  for  the  remaining  15  months. 

(2)  The  price  of  new  domestically  produced  oil  is  set  initially  at 
$11.50  per  barrel  and  is  allowed  to  rise  5  cents  per  month  to  $13.45 
at_th^  end  of  the  39  months.  For  the  period  beyond  39  months,  the 
price  moves  toward  the  import  price. 
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(3)  The  price  of  natural  gas  Is  immediately  decontrolled  beginning 
in  the  fourth  quarter  1975. 

Table  X  presents  estimates  for  this  alternative.  The  estimates 
assume  that  at  the  end  of  the  39-month  decontrol  period,  the  new  oil 
price  would  be  uncontrolled. 

Table  X. — 39-month  phaseout  {without  tariff) 

75:3  76:4          77:4          78:4         79:4         80:4 

New  oil  price  (per  barrel) _.  $12.  00     $12.25     $12.85     $13.45     $16.00    $17.00 

Blend   price:   All   oil    (per 

barrel) 10.45       11.05       12.60       14.35       16.20      17.20 

Blend  price:   Natural  gas 

(per  thousand  cubic  feet)  _         .62         1.25         1.70         2.10         2.55        2.80 

Blend  price:  All  fossil  fuels 
(per  oil  barrel  equiv- 
alents)        7.00         8.00         9.94       11.81       14.41      15.72 

Consumer  payments:  All 
fossil  fuels  (billions,  an- 
nual rates) 82  100  127  154  192  213 


66-MoNTH  Phaseout,  $9.00  Oil  and  $1.30  Natural  Gas 

This  alternative  has  four  basic  provisions: 

(1)  Decontrol  of  ''old^^  oil  over  66  months  with  VA  percent  of  the  initial 
quantity  of  old  oil  redefined  as  new  oil  each  month  beginning  in 
September  1975. 

(2)  A  price  ceiling  on  "new^'  domestically  produced  oil  set  initially  at 
$9.00  per  barrel  and  rising  by  5  cents  each  month  to  $12.30  at  the  end 
of  the  66-month  period. 

(3)  Extension  of  natural  gas  controls  to  the  intrastate  market  with  the 
ceiling  price  of  new  natural  gas  set  initially  at  $1.30  per  Mcf  and 
increasing  at  1  cent  per  month  for  66  months. 

(4)  Removal  of  the  tariff  on  imported  oil. 

ESTIMATES   OF   PRICES 

Estimates  of  the  prices  of  fossil  fuels  and  payments  which  would 
result  from  this  alternative  are  shown  in  table  XI.  It  should  be  noted 

Table  XI. — 66-month  phaseout,  $9.00  oil,  $1.30  gas  (without  tarif) 
75:3         76:4         77:4         78:4         79:4         80:4 

New  oil  price  (per  barrel)..  $12.  00       $9.  75     $10.  35     $10.  95     $11.  55     $12.  15 

Blend  price:   All   oil   (per 

barrel) 10.45       10.30       11.40       12.35       13.35       14.35 

Blend  price:   Natural  gas 

(per  thousand  cubic  feet)  _         .62  .90         1.10         1.30         1.50         1.65 

Blend  price :  All  fossil  fuels 
(per  oil  barrel  equiv- 
alents)        7  00         7.25         8.25         9.00       10.25       11.25 

Consumer  payments:  All 
fossil  fuels  (billions,  an- 
nual rates) 82  86  107  119  135  153 
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that  at  the  end  of  1980:4'  the  oil  prices  assumed  are  $17.50  for' i"he  39- 
month  alternative,  and  $12.30  for  the  66-month  $9.00  alterna:tiTe.  In 
addition,  the  end  of  the  66-month  period  occurs  at  the  beginning  of 
1981:2,  in  the  second  quarter  beyond  the  analysis.  No  assumptions 
are  made  as  to  any  j)rice  increases  in  the  67th  month  or  any  impact 
anticipating  such  increases  in  the  pattern  of  domestic  production  or 
imports. 

66-MoNTH  Phaseout,  $7.50  Oil  and  $1.00  Natural  Gas 

This  alternative  differs  from  the  preceding  alternative  in  that  the 
initial  prices  of  new  oil  and  natural  gas  set  at  $7.50  and  $1.00 
respectively. 

Estimates  of  the  prices  of  fossil  fuels  and  payments  which  would 
result  from  this  alternative  are  shown  in  table  XII. 

Table  XII. — 66-month  phaseotU,  $7.50  oil,  $1.00  gas  (without  tarl-ff) 
75:3         76:4         77:4  78:4         79:4         80:4 

New  oil  price  (per  barrel)  _  _   $12.  00 

Blend   price:   All  oil   (per 

barrel) 10.45 

Blend  price:   Natural  gas 

,   (per  thousand  cubic  feet)  _        .  62 

Blend  price:  All  fossil  fuels 
(per  oil  barrel  equiva- 
alents) 7.  00 

Consumer  payments:  All 
fossil  fuels  (billions,  an- 
nual rates) 82 


Z).  Inflationary  Effects 

The  increase  in  the  general  price  level  associated  with  each  energy 
policy  alternative  is  approximated  by  relating  the  increases  in  the 
payments  retade  for  fossil  fuel  energy  to  the  GNP.  Increases  in  pay- 
ments for  energy  for  each  of  the  alternatives  are  shown  in  table 
XIII. 

Table  XIII. — Increases  in  fossil  fuel  energy  payments 

[In  billions  of  dollars] 

1975:3-1975:4      1976:4-1977:4 

Immediate  decontrol 

39-month  phaseout 

66-month  phaseout  $9,  $1.30 

66-month  $7.50,  $1 

The  direct  effects  of  increases  in  energy  payments  on  the  price  level 
are  sliown  in  table  XIV. 


$8.25 

$8.85 

$9.  45 

$10.  05 

$10.  65 

10.00 

11.  15 

12.30 

13.  35 

14.  45 

.75 

.90 

1.  10 

1.25 

1.40 

6.75 

7.  75 

8.25 

9.25 

10.25 
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28 
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4 

21 
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15 
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Table  XIV. — Increase  in  general  price  level,  direct  effect  only 
(In  percent] 

1975:3-1976:4      1970:4-1977:4 


Immediate  decontrol 

89-month  phaseout 

(Hi-inont  h  phaseout  $9,  $1.30 

06-month,  $7.50,  $1 

These  preceding;  estimates  show  only  the  initial  increase  in  the  price 
level  (the  impact  effect)  from  an  energy  shock.  They  are  not  a  full 
account  of  price  developments  because  the  calculations  allow  no  feed- 
back from  higher  prices  to  higher  wages  and  in  turn  to  still  higher 
prices.  In  the  next  chapter  the  Wharton  Econometric  Model  is  used  to 
estimate  these  feedback  effects  as  well  as  to  examine  the  unemploy- 
ment consequences  of  an  energy  shock. 
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Domestic  Oil  and  Natural  Gas  Supply 
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It  is  understandably  difficult  for  the  lay  observer  to  relate 
higher  oil  prices  with  improved  U.S.  production  prospects 
because  during  the  past  three  years  production  has  declined 
despite  sharply  higher  domestic  and  w^orld  prices.  The  analytical 
problem  presented  is  that  prices  and  other  consideration's 
relating  to  exploration  and  production  (acreage  availability, 
taxes,  government  policies,  environmental  restraints,  etc.)  must 
be  compared  first  w^ith  activity  gains  and  the  rate  of  reserve 
additions,  rather  than  with  currently  observed  production  rates.  It 
is  agreed  that  a  minimum  of  three  to  five  years  is  required  before 
total  reserve  additions  can  respond  significantly  to  changes  in  the 
economic  environment.  An  actual  reversal  in  total  production 
rates  could  take  considerably  longer  depending  upon  the  relative 
depletion  rate  of  old  fields  versus  reserve  additions. 


The  Shape  of  Petroleum  Supply  Curves 

It  is  impossible  to  accurately  describe  U.S.  pjetroleum  supply 
response  to  price  because  prices  have  only  recently  increased  to 
unprecedented  levels.  The  additional  supply  potential  at  still 
higher  prices  also  is  undetermined.  A  number  of  years  are 
required  before  there  is  sufficient  statistical  basis  for  determining 
the  specific  reserve  additions  that  should  be  attributed  to  any 
given  time  period  and  associated  activity  level.  We  will  have  to 
wait  until  at  least  1980  before  we  can  be  very  sure  about  the  success 
of  the  recent  sharp  increase  in  domestic  exploration  activity. 
Historical  supply  data  combined  with  knowledge  of  present  costs 
by  area  and  activity,  nevertheless,  provide  a  basis  for  informed 
judgment  regarding  the  probable  shape  of  oil  and  gas  supply 
curves.  Charts  1  and  2  represent  estimated  long-term  new 
supplies,  or  reserve  additions  that  would  be  expected  at  various 
prices  assuming  1975  cost  conditions.  (See  also  Table  1.) 

Supply  elasticity  is  probably  somewhat  less  than  unity  in  the 
$5.00  to  $12.00/Bbl.  range  of  oil  prices  (historic  data  suggest  an 
observed  0.7  supply  elasticity),  but  at  prices  of  $12.00  to 
|15.00/Bbl.  unit  elasticity  is  probable.  In  this  price  range  the 
threshold  cost  of  oil  in  large  potentially  profitable  frontier  oil 
provinces  is  passed  including  operations  in  deep  water, 
unexplored  parts  of  Alaska  on  and  offshore,  etc.  In  the  case  of 
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Alaska,  not  only  are  all  basic  exploration  and  production  costs 
very  high,  but  new  discoveries  will  have  to  bear  the  huge  cost  of 
another  Alaskan  pipeline.  Similarly,  the  minimum  entry  costs  of 
drilling  in  very  deep  waters  involve  high  onsite  well  investment 
and  large  transportation  costs  to  move  barrels  produced  onshore. 
At  some  price  above  |15.00/Bbl.  supply  is  thought  to  be  very 
elastic  over  the  long  run  as  synthetics  become  economically 
viable. 

Observed  elasticities  of  less  than  one  are  probably  due  to 
basic  increasing  cost  considerations.  In  established  areas  the  set  of 
geological  opportunities  becomes  depleted  with  successive 
increments  of  drilling  effort.  Improved  geophysical  and  drilling 
technology  are  offsetting  forces  but  they  are  not  generally 
sufficient  to  balance  the  fact  that  the  largest  and  least  costly 
discoveries  normally  occur  fairly  early  in  the  commercial  life  of 
most  areas. 

Other  basic  trends  contributing  to  increasing  costs  are  deeper 
wells,  a  shift  to  offshore  activities,  operations  in  deeper  waters, 
and  production  in  the  Arctic.  (See  Tables  2  and  3.)  In  an 
established  oil  province,  successive  efforts  to  boost  output  via  in- 
fill drilling,  producing  smaller  and  thinner  sands,  added 
enhanced  or  tertiary  recovery  technology,  etc.  all  ultimately 
involve  steadily  higher  unit  costs. 

The  elasticity  of  petroleum  supply  is  thought  to  increase  at 
prices  above  1 12. 00/Bbl.  for  several  reasons  including  the  fact  that 
the  threshold  cost  of  substantial  tertiary  recovery  technology  is 
above  this  level.  Higher  crude  oil  prices  also  boost  the  upstream 
or  exploratory  portion  of  total  investment.  Within  petroleum 
companies,  exploration  investment  is  marginal  in  the  sense  that 
it  is  postponable,  risky,  and  often  less  attractive  than  many  other 
basic  capital  spending  programs.  Most  companies  have  a  number 
of  high-priority  outlays  such  as  equipment  replacement, 
environmental  conformity  projects,  and  development  drilling 
which  have  first  claim  to  funds  available.  Higher  prices,  however, 
tend  to  provide  additional  internal  cash  flow  sufficient  to  fund 
expanded  exploration  programs.  Higher  crude  oil  prices  also 
increase  the  relative  attractiveness  of  U.S.  exploration  versus 
overseas  ventures  or  domestic  downstream  operations.  Moreover, 
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higher  pricfc-s  increase  the  flow  of  external  capital  into  the 
petroleum  industry  as  well  as  boost  internal  cash  availability. 

Finally,  higher  prices  may  open  up  new  frontier  reserves 
which  are  not  economically  viable  at  lower  prices.  Much  future 
Arctic  and  U.S.  development  probably  will  require  prices  in 
excess  of  |12.00/Bbl. 

A  related  consideration  of  interest  is  the  tendency  for  rates  of 
return  over  the  longer  term  to  be  fairly  independent  of 
exploration  strategy.  In  part  this  is  due  to  the  random  occurrence 
of  giant  strikes  the  probability  of  which  is  correlated  best  with  the 
overall  size  of  exploration  programs.  This  is  notwithstanding  the 
fact  that  new  giant  strikes  certainly  occur  more  frequently  in 
frontier  areas,  as  do  dry  holes.  In  areas  where  geology  is  relatively 
well  known,  dry  holes  are  less  frequent  but  so  are  large 
discoveries.  Small,  thin  reservoirs  onshore  that  are  commercial  in 
the  "Lower  48"  are  simply  uneconomic  in  deep  water  or  Arctic 
areas.  Thus,  it  isn't  surprising  that  the  rate  of  profitability  of  an 
exploration  strategy  that  is  weighted  towards  looking  only  for 
giants  in  frontier  areas  hasn't  been  necessarily  better  than  careful 
processing  of  acreage  in  more  established  geological  provinces. 
This  condition  is  explained  in  part  by  mobility  of  exploration 
and  production  capital  between  various  potential  jjetroleum 
provinces.  The  relatively  small  variance  in  the  earnings 
performance  of  principal  producers  despite  differences  in 
exploration  programs  further  attests  to  the  condition  of  fairly 
constant  returns  to  scale  of  effort. 


Gas  Supply  Economics 

The  increasing  cost  conditions  cited  for  crude  oil  also 
generally  apply  to  gas.  A  major  difference,  however,  is  the  normal 
absence  of  enhanced  recovery  opportunities.  On  the  other  hand, 
higher  gas  prices  may  provide  a  more  elastic  response  of  supply  in 
deep  water,  deep  formations,  perhaps  the  Arctic,  and  from  other 
high  cost  sources.  Another  principal  area  of  price  sensitivity  of 
gas  supply  is  in  so-called  tight  formations  where  major 
additional  fracturing  is  required  to  release  reserves  and/or  where 
per  well  deliverability  is  so  small  as  to  be  uneconomic  at  existing 
prices. 
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The  historical  record  of  gas  suppHes  in  response  to  price  is 
even  more  deficient  than  in  the  case  of  oil  because  of  the  duration 
and  severity  of  government  controls.  In  addition,  there  are  less 
dependable  data  on  the  cost  of  synthetic  gas  or  imported  LNG.  As 
a  general  proposition,  however,  it  is  probable  that  synthetic  gas 
will  be  more  costly  than  synthetic  liquids,  particularly  on  a 
delivered  cost  basis.  Part  of  the  problem  is  that  liquids 
manufacture  requires  less  addition  of  costly  hydrogen  to 
generally  hydrogen-deficient  feedstocks,  e.g.,  coal  or  shale. 

In  the  case  of  LNG  imports,  North  Africa  and  the  Persian 
Gulf  are  the  largest  likely  suppliers,  and  transportation  costs 
would  favor  moving  gas  to  Europe  and  Japan  rather  than  the  U.S. 

Thus,  the  gas  supply  curve  is  probably  somewhat  less  price 
elastic  than  the  crude  oil  supply  curve  within  the  $1.00  to 
$3.00/MM  BTU  equivalent  price  range.  However,  given  the 
greater  relative  end  use  value  of  gas  and  generally  higher 
alternative  supply  costs,  e.g.,  domestic  SNG  and  imported  LNG, 
incremental  conventional  supplies  of  natural  gas  have  greater 
private  and  social  value  than  heat-equivalent  amounts  of  oil. 


U.S.  Exploration  and  Production  Experience 

The  record  of  increasing  cost  conditions  in  petroleum 
exploration  is  probably  best  described  by  fitting  unit  costs  with 
well  depth.  The  relationship  between  water  depth,  climate  and 
drilling  costs  is  also  available  and  described  in  a  recent  NPC  study 
(see  Tables  2  and  3,  and  Chart  3).  It  is  noteworthy  that  offshore 
development  costs  are  considerably  more  sensitive  to  physical 
conditions  than  are  drilling  costs. 

Higher  costs  in  the  face  of  decreasing  real  oil  prices  lead  to 
the  observed  reduction  in  reserve  additions  of  crude  oil  in  the  U.S. 
during  the  past  few  years.  Severely  restrained  gas  prices  similarly 
explain  the  very  unsatisfactory  rate  of  addition  of  gas  reserves. 

More  recently  both  oil  and  gas  prices  have  increased,  though 
not  as  dramatically  in  the  U.S.  as  is  popularly  believed  when 
allowance  is  made  for  much  higher  effective  tax  rates  and 
inflation.  As  noted  in  Tables  4  and  5,  petroleum  industry  profits 
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on  a  general  price  inflation  adjusted  basis  in  the  third  quarter  of 
1975  were  only  30  percent  above  the  comparable  1971  level,  and 
actually  slightly  lower  if  adjusted  for  the  actual  increase  in 
exploration  and  production  costs  experienced.  The  petroleum 
industry  has  suffered  the  same  high  rates  of  cost  escalation 
experienced  by  other  industries  dependent  upon  construction  and 
basic  engineering  services. 

Higher  oil  prices  despite  greater  tax  and  cost  burdens  have 
resulted  in  substantial  boosts  in  exploration  spending.  Not  only 
are  total  budgets  up  more  than  cash  flow,  but  real  activity  is  up 
sharply  as  well.  The  fact  that  overall  outlays  are  rising  faster  than 
cash  flow  tends  to  attest  to  the  probable  ultimate  elasticity  of  new 
discoveries  to  price.  For  example,  the  leading  edge  of  petroleum 
exploration,  seismic  activity,  has  now  more  than  doubled  as 
measured  in  terms  of  line  miles  above  the  depressed  1969-1971 
level.  (See  Charts  5  and  6.)  The  number  of  active  drilling  rigs  and 
exploratory  wells  drilled  have  also  reacted  impressively  to  the 
improved  economic  climate  for  exploration. 

The  Cash  Flow  Restraint 

As  a  general  proposition,  the  principal  determinant  of 
petroleum  exploration  and  production  activity  is  internally 
generated  cash  flow.  Though  external  capital  sources  may  appear 
large,  in  the  aggregate  they  make  only  a  modest  relative 
contribution  to  the  enormous  capital  spending  requirements  of 
the  petroleum  industry.  Moreover,  equity  rather  than  debt  capital 
normally  is  required  to  underwrite  exploration  activities  because 
of  the  high  risk  associated  with  even  the  largest  commitments. 
Discoveries  of  the  very  large  reserves  that  make  the  difference 
between  successful  and  unsatisfactory  returns  on  drilling  efforts 
in  frontier  areas  are  sufficiently  erratic  and  unpredictable  as  to 
require  that  most  exploration  be  financed  with  permanent 
capital. 

In  fact,  the  consolidated  debt  position  of  most  oil  companies 
has  risen  rapidly  toward  maximum  debt  equity  levels  in  recent 
years  when  exploration  outlays  declined  relative  to  spending  on 
transportation,  refining,  and  marketing.  With  existing  high 
debt  equity  ratios  and  with  future  domestic  capital  spending 
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oriented  towards  exploration,  even  less  reliance  on  added  debt 
will  be  possible  in  the  future. 

Access  to  external  equity  has  not  improved  despite  higher  oil 
prices  and  potentially  improved  profit  prospects.  (See  Table  4.) 
The  common  shares  of  most  companies  sell  below  book  value  and 
far  lower  than  the  replacement  cost  of  assets  p)er  share.  Equity 
financing  is  generally  not  attractive  under  such  market 
conditions.  Significantly  higher  equity  valuations  probably  will 
have  to  await  an  end  of  price  controls,  anti-trust  suits,  and  the 
other  political  or  environmental  uncertainties  facing  the 
industry.  These  same  considerations,  as  well  as  the  verv  high 
outlays  to  finance  even  small  exploration  plays,  limit  the  present 
entry  of  a  large  number  of  new  firms  into  exploration  activities. 

Higher  oil  prices  provide  not  only  a  larger  number  of 
exploration  and  drilling  prospects  that  meet  ROI  requirements  as 
dictated  by  the  cost  of  risk  capital,  but  they  also  supply  requisite 
investment  funds.  On  the  average,  the  p)etroleum  industry  must 
SF>end  between  $9.00  and  $10.00  Bbl.  to  replace  the  oil  now  being 
consumed.  Because  of  the  low  book  cost  of  most  oil  sold  today 
which  was  generally  discovered  a  decade  or  more  ago,  the  after  tax 
cash  flow  on  the  sale  of  a  barrel  of  oil  at  the  world  price  of  $13.00 
to  $14.00/Bbl.  is  generally  less  than  $10.00  Bbl.  In  other  words, 
the  industry  is  roughly  breaking  even  on  a  cash  flow  basis  on  the 
sale  of  oil  at  world  prices  and  present  replacement  costs.  Needless 
to  say,  when  barrels  are  sold  at  $5.25  Bbl.,  the  industry  can  only 
fund  a  fraction  of  the  replacement  barrel  investment. 

A  particularly  difficult  problem  facing  the  p)etroleum 
industry  due  to  its  increasing  cost  structure  is  the  temptation  of 
governments  to  seek  to  control  prices  at  some  level 
approximating  average  or  median  costs.  (See  Table  5.)  The 
estimated  median  cost  level  by  definition  implies  that  half  of  new 
oil  costs  lie  above  the  average.  If  prices  were  controlled  at  the 
median  cost  level,  roughly  half  of  potential  new  oil  reserves 
available  between  the  domestic  control  prices  and  the  prices 
would  not  be  economic.  Such  policies  result  in  paying  far  higher 
prices  for  imports  than  either  the  private  or  social  cost  of 
marginal  domestic  production.  Of  course  a  price  rollback  below 
average  replacement  cost  as  is  being  presently  debated  in  the  U.S. 
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would  substantially  reduce  domestic  exploration  and  increase 
reliance  on  more  costly  imports.  It  also  should  be  emphasized  that 
both  marginal  and  average  exploration  and  production  costs  will 
certainly  rise  rapidly  in  the  future  if  any  serious  effort  is  made  to 
equate  new  oil  discoveries  with  the  present  rate  of  consumption. 
The  increasing  cost  conditions  inherent  to  the  industry  virtually 
guarantee  that  unit  costs  will  escalate  with  any  major  new 
discovery  efforts. 

A  troublesome  issue  in  this  regard  is  that  future  oil  price 
increases  may  be  expected  to  result  in  temporary  advances  in  the 
book  rate  of  return  on  old  assets,  yet  overall  petroleum  industry 
cash  flow  deficiencies  are  likely  to  persist.  At  the  present  time 
most  companies  have  more  potentially  profitable  oil  prospects 
with  new  oil  prices  at  $14.00/Bbl.  than  they  can  finance  from 
internal  and  external  cash  sources.  These  are  bona  fide  new 
investment  opportunities  in  that  engineering  feasibility  studies 
have  been  completed  and  a  determination  made  that  there  are  no 
shortages  of  needed  rigs,  materials,  or  manpower. 

In  summary,  the  only  resolution  of  the  serious  overall  cash 
flow  shortage  facing  the  petroleum  industry  that  appears  to  be  a 
potential  prospect  within  the  not  too  distant  future  is  complete 
decontrol  of  all  oil  prices  and  accelerated  decontrol  of  gas  prices. 
Alternatives  to  this  action,  such  as  substantive  tax  relief  or  direct 
government  financing,  are  unlikely. 

Limitations  of  a  Two  Oil  Price  System 

The  petroleum  industry  is  unique  not  only  as  the  only 
competitive  sector  of  the  U.S.  economy  subjected  to  price 
controls,  but  it  is  also  the  object  of  a  curious  scheme  to  maintain  a 
multi-price  system  applied  to  producer  sales.  The  alleged 
objective  is  to  prevent  windfall  gains  due  to  price  increases,  but  its 
application  ignores  the  generally  understood  supply-inducing 
functions  of  market  prices.  If  the  public  wants  more  of  virtually 
any  commodity  or  service  other  than  petroleum,  all  producers  are 
rewarded  whatever  price  is  required  to  equate  market  supply  and 
demand.  If  more  wheat  is  desired,  for  example,  the  price  of  all 
wheat  rises,  not  just  volumes  produced  above  some  previously 
established  levels. 
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A  two  price  system  applied  to  F)etroleum  is  a  particularly 
onerous  and  socially  costly  venture  because  of  the  irreplaceabiliiy 
of  barrels  of  reserves  abandoned,  the  time  required  to  replace 
volumes  of  oil  now  being  consumed,  the  cost  of  imp)orts  in  the 
interim,  and  the  sheer  magnitude  of  the  assets  misdirected. 

The  most  visible  effect  of  the  two  price  system  is  to  accelerate 
the  rate  of  domestic  production  decline.  This  condition  is 
illustrated  m  Charts  7  and  8.  Less  apparent  is  the  shift  of 
investment  away  from  old  oil  which  results  in  premature  field 
abandonment,  postponement  of  new  enhanced  recovers  projects, 
fewer  in-fill  and  workover  wells,  and  less  engineering  investment 
to  optimize  the  output  from  established  reservoirs.  The  social  cost 
of  these  dislocations  can  be  directly  measured  both  in  the  present 
value  of  higher  current  and  prospective  import  requirements  and 
in  the  permanent  loss  of  domestic  oil  production.  Such 
permanent  losses  result  from  well  and  field  abandonment,  failure 
to  make  required  investment  in  pressure  maintenance  early 
enough  to  avoid  loss  of  reserves,  failure  to  in-fill  drill  or  produce 
marginal  sands  prior  to  abandonment,  etc. 

The  most  serious  effect  of  the  two  price  system,  however,  is 
that  consumers  pay  far  less  than  the  present  replacement  cost  of 
"old  oil"  now  being  consumed  and  as  a  consequence,  only  a 
fraction  of  that  oil  is  in  fact  being  replaced.  It  should  also  be 
cautioned  that  the  burden  of  the  two  price  system  as  presently 
constituted  in  the  U.S.  increases  more  than  proportionallv  with 
the  duration  of  the  program.  The  most  noticeable  manifestation 
of  this  effect  is  the  increasing  difficulty  of  qualifying  enhanced 
recover)  projects  for  "new  oil"  status. 


The  Economics  of  Enhanced  Recovery 

A  discussion  of  evolving  new  enhanced  recovers  technology 
is  largely  academic  at  this  point  as  long  as  most  such  oil  produced 
would  have  to  be  sold  at  controlled  prices  far  below  either  costs  or 
world  prices.  No  significant  volumes  of  tertiary  oil  are 
recoverable  at  costs  below  $10.00  Bbl..  and  $12.00  Bbl.  or  more 
app>ears  to  be  more  representative  of  commercially  viable  project 
costs.  Secondary  recovery  efforts  have  been  maximized  up  to  the 
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present  $5.25/Bbl.  control  price,  which  has  left  about  40  percent 
of  all  U.S.  production  on  primary  drive  only. 

Future  opp)ortunities  for  large-scale  applications  of 
secondary  recovery  to  old  fields  are  restrained  by  most  of  the 
geological  limits  which  apply  to  primary  yields,  though  many 
small  field  development  projects  would  be  viable  at  higher  prices. 
(See  Tables  6  and  7. )  Tertiary  methods,  however,  can  dramatically 
boost  reservoir  recovery  of  many  large  as  well  as  small  fields.  It  is 
estimated  that  ultimately,  new  enhanced  recovery  projects  could 
boost  production  4.0  MMBD,  or  roughly  equal  to  half  of  the 
present  total  U.S.  oil  output.  In  fact,  this  well  could  be  a 
conservative  estimate  because  it  is  based  on  an  assessment  of 
present  technology  and  often  sketchy  knowledge  of  reservoir 
conditions.  The  Amoco  Production  Company  recently  made  a 
detached  inventory  of  its  own  prospects  for  enhanced  recovery. 
(See  Table  8.)  That  study  concluded  that  additional  enhanced 
recovery  potential  appears  greater  than  all  of  its  present  proved 
recoverable  reserves.  In  part  this  optimistic  assessment  reflects  a 
large  relative  acreage  position  in  areas  most  amenable  to  tertiary 
recovery,  but  it  also  suggests  that  more  careful  analysis  of  industry 
prospects  may  yield  more  opportunities  than  are  now  generally 
recognized. 


Synthetic  Fuel  Economics 

Though  the  threshold  costs  of  entry  into  synthetic 
production  are  probably  in  the  $14.00  to  $18.00/Bbl.  range,  it  is 
not  correct  to  suggest  that  costs  will  be  constant  to  scale  once 
technology  is  established.  There  are  inherent  increasing  cost 
conditions  in  synthetics  production,  albeit  at  a  more  modest  rate 
than  applies  to  conventional  oil  and  gas.  In  the  case  of  shale  oil, 
there  are  relatively  limited  supplies  of  high  kerogen  yield  rocks, 
particularly  those  close  to  the  surface.  As  production  expands, 
less  favorable  basic  yield  and  overburden  conditions  will  be 
encountered.  Water  resources  threaten  to  limit  both  coal  and 
shale  oil  production  in  the  West.  To  a  yet  indeterminate  extent, 
general  local  political  and  social  considerations  may  restrain 
otherwise  economic  development  rates. 
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Potentially  offsetting  some  of  these  cost  pressures  over  the 
long  term  may  be  improved  technology  due  to  both 
breakthroughs  and  improved  operating  performance  with 
existing  systems.  Hopefully,  such  cost  improvements  w^ill  more 
than  offset  the  tendency  for  heavy  engineering  costs  to  rise 
considerably  more  rapidly  than  the  average  costs  of  other  general 
goods  and  services  (GNP  deflator).  To  date,  estimated  synthetic 
fuels  cost  escalation  has  been  running  a  close  race  with  the 
increasing  costs  experienced  in  producing  conventional 
petroleum  fuels. 

It  remains  to  be  seen  whether  or  not  sufficiently  favorable 
price  and  cost  relationships  and  government  policies  will  evolve 
to  permit  synthetic  fuels  to  make  a  meaningful  contribution  to 
energy  supplies  in  the  coming  decade.  (See  NFC  estimates,  Charts 
9  and  10.) 
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Table  1 


KNOWN  U.S.  CRUDE  OIL  RESERVES 
(Billion  Barrels) 


Type 


Amount 


Remaining  Proved 

40 

Tertiary  Potential* 

110 

Nonrecoverable 

185 

Total  Oil  In-Place 

335 

•Probable  55  recoverable 


Table  2 

OFFSHORE  EXPLORATION 
DRILLING  COST  INDEX* 


^Moderate  Climate  at  200  meters  =  1.0 


Water 

aimatic  Conditions 

Depth 

Ice-Laden 

(Meters) 

Mild 

Moderate 

Severe 

75% 

100% 

200 

.8 

1.0 

1.8 

2.3 

4.6 

500 

1.0 

1.3 

2.1 

2.8 

5.4 

1,000 

2.5 

2.8 

3.6 

4.3 

6.4 

4,000 

3.8 

4.0 

4.3 

5.6 

7.5 
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Tabic  3 


RELATIVE  OFFSHORE  DEVELOPMENT 
AND  PRODUCTION  EXPENDITURES* 


Water 

aima 

itic  Conditions 

Depth 

(Meters) 

Mild 

Moderate 

Severe 

Ice- Laden 

75%          100% 

200 

.9 

1.0 

2.8 

Considered 

300 

- 

- 

6.2 

Substantially 

500 

2.7 

3.0 

- 

Greater 

1,000 

4.3 

4.8 

10.2 

Than  Severe 

•Moderate  Qimate  at  200  meters  =  1 .0 


Table  4 

CASH  FLOW  vs.  INVESTMENT 
20  OIL  COMPANIES 


Billion  Dollars 

1972 

1974 

Cash  from  Operations 

14.2 

23.2 

Borrowing  and  Other 

-11 

2.8 

Total 

15.5 

26.0 

Investment  -  U.S. 

6.6 

13.1 

-  Other 

4.0 

6.0 

-  Total 

10.6 

19.1 

t.282   O  -  76  -  28 


424 


Table  5 


APPARENT  U.S.  OIL  INDUSTRY  PROFITS 
AND  EFFECTS  OF  COST  INCREASES 


Third  Quarter  Profits 
Comparison 

Basis 1975  vs.  1971 

Unadjusted  Current  Dollars  +69% 

Constant  Dollars  (GNP  Deflator)  +30% 

Constant  Dollars  (E  &  P  Cost  Index)  -   1  % 


Table  6 

U.S.  FUTURE  NEW  ENHANCED  OIL  RECOVERY 
(Million  Barrels/Day) 


Method 

Amount 

Thermal 

1.5 

Miscible  (CO2  &  LP5) 

1.8 

New  Waterflood 

.8 

Total 

4.1 
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Table  7 
STAGES  OF  OIL  RECOVERY 


Primary 


Secondary 


Tertiary 


Solution  Gas  Drive       Waterflooding  Miscible  Flooding 


10-20%^ 


30-50%^ 


60-80%^ 


•Range  of  cumulative  recovery 


Table  8 

TOTAL  AMOCO  CRUDE  OIL  "BARRELS" 
(NORTH  AMERICA) 


Barrels 
(Billions) 

% 

Original  Oil 

In  Place 

Produced 

3.5 

24 

Proved  Reserves 

2.4» 

16 

Additional  Secondary  Plus 
Tertiary    Recovery    Potential 

3.5 

24 

Considered     Unrecoverable 

5.3 

36 

Totals 

14.7 

100 

•60%  in  fields  under  secondary  recovery  operations 
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CHART  1 


Estimated  Ultimate  Gaseous 
Hydrocarbon  Availability  Versus 
Price  in  Constant  1975  Dollars 


(Log  Scales) 
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CHART  2 


Estimated  Ultimate  Liquid 
Hydrocarbon  Availability  Versus 
Price  in  Constant  1975  Dollars 


(Log  Scales) 

Constant  1975  $/Barrel 
50 


20  50         100        200 

Billion  Barrels 


500       1000      2000  5000 


o 
o 


428 
CHART  3 


I  g 

Is 

■flog 
iSO.2 

O  i  o 
OQO 


s 


429 
CHART  4 


Exploratory  Drilling  and  Wellhead  Prices 
in  Constant  1967  0/ Million  BTU 
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U.S.  Crude  Production  £r  Price 
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Estimated  U.S.  Gaseous 
Hydrocarbon  Availability  (Base  Case) 
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Estimated  U.S.  Liquid  Hydrocarbon 
Availability  (Base  Case) 
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